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Abstract 
Tropical rain forests cover less than two percent of Earth's surface, yet they sustain the 
greatest diversity of living organisms on the planet. Tropical rain forests cover nearly 73% of the 
Brazilian territory and besides harboring some of the most biodiverse ecosystems on the planet, 
this vast area also houses about 83% of the Brazilian population. Approximately 175 million 
people live in urban and rural areas with fragments of coverage of these biomes which 
contributes to the loss of biodiversity that rapidly increases over the years. Furthermore, the 
majority of the taxonomic and ecological efforts to describe and protect the Brazilian tropical 
biodiversity are usually focused on macroorganisms while the knowledge regarding the 
heterogeneity of microorganism species that compose the Brazilian microbiota increases slowly. 
Therefore, urgent efforts should be directed to the carrying out of inventories and studies on the 
species that make up the Brazilian microbiota, their biogeographical patterns, and their 
interactions with the environment in which they occupy. Aiming to contribute to the knowledge 
of the distribution and diversity of microorganism in the Neotropics, this dissertation includes (1) 
an overview of the biogeographical patterns of microorganisms; (2) a bibliographic revision of 
the myxomycetes species found in Brazil distributed among the different vegetation 
physiognomies throughout the country; (3) species listing and molecular identification of 
myxobacteria species; (4) the taxonomic and ecological studies of species of 
ceratiomyxomycetes and myxomycetes; (5) the taxonomic composition of dictyostelid cellular 
slime molds; and (6) species of protosteloid amoebae and related organisms present in tropical 
and subtropical moist broadleaf forests of Brazil. 
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Introduction 
The uncontrollable growth and expansion of human populations and their continued need 
for more resources have increased habitat destruction and depleted natural reserves. If not 
stopped, this will lead to biodiversity disappearance, biotic homogenization of the planet, and 
loss of vital ecosystem services. The current decline of biological populations to almost 
extinction, loss of genetic diversity among species, degradation of ecosystems, and extensive 
habitat loss are evidence of this 'silent crisis' (Bradshaw et al. 2009).  
The Brazilian tropical forests are currently among the most biologically diverse and 
threatened biomes on the planet, and despite the efforts to identify and inventory the abundance 
of species that inhabit these biomes, there are still relatively few studies about its microbiota. 
This is especially true when considering the species of myxobacteria, myxomycetes, 
dictyostelids, and protostelids, their distribution, ecology, and essential role in the balance of 
terrestrial ecosystems. 
Myxobacteria, myxomycetes, dictyostelids, and protostelids are cosmopolitan groups of 
microorganisms, commonly found in most habitats on earth. They thrive in dark and damp 
environments where there is the presence of abundant decaying organic matter. Some examples 
are more rarely observed and occupy seemingly hostile environments such as deserts and marine 
ecosystems.  
Myxobacteria – social bacteria 
Discovered in 1809 (Link 1809), the myxobacteria, often referred to as "social bacteria", 
have become widely used as model systems for studies on prokaryotic development.  With a few 
more than 40 described species, the myxobacteria go through an intricate life cycle, including 
cellular morphogenesis, fruiting body formation, and a variety of cell-cell interactions (White 
	 2 
1975; Kaiser 1984; Dworkin 1996). Usually found in soil (with a pH ranging from 5 to 8), the 
myxobacteria are also detected on decaying plant material, the bark of living trees, and the dung 
of herbivorous animals (Reichenbach & Dworkin 1991) as well as less often on the surface of 
leaves of living plants (Rückert 1981). Strictly aerobic organotrophic and mesophilic, these 
bioactive organisms propagate at a reasonably rapid rate (between 4 and 12 hours) at 
temperatures ranging from 9 to 38°C (Baur 1905; Dawid 2000).  
Currently, most research on myxobacteria has involved their capacity to secrete bioactive 
compounds such as myxothiazol, soraphen, stigmatellin, aurachin and myxalamide (Höfle & 
Reichenbach 1990; Reichenbach & Dworkin 1991). Even though there has been an effort to 
study the ecology and distribution of the global myxobacterial floras, the number of species 
described in tropical forests is still very low (Dawid 2000). 
Studies on the distribution of fruiting myxobacteria associated with soils, the bark of 
trees, and the dung of herbivorous animals in tropical forests started in the early 1970s (Singh & 
Singh 1971; McNeil & Skerman 1972; Rückert 1980). In Brazilian rain forests, Drozdowicz 
(1972) and Dawid (1978) were the first to report the occurrence of species of myxobacteria in 
Brazilian soils. 
Myxomycetes – plasmodial slime molds 
The myxomycetes, also known as plasmodial slime molds, are unicellular, eukaryotic 
organisms (protists) that behave as predators of bacteria, cyanobacteria, yeasts, filamentous fungi 
and other microorganisms in most terrestrial ecosystems (Alexopoulos et al. 1996). The more 
than 1000 species described for this group (Lado 2018) are characterized by an amoeboid phase, 
with flagellated or non-flagellated myxamoebae, a plasmodial, assimilative, multinucleate phase, 
and another macroscopic reproductive phase, the fruiting body (Stephenson et al. 2008). 
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These organisms play a fundamental role in terrestrial nutrient cycling through 
decomposition, and their predation regulates and stimulates microbial activity and consequently 
affects higher trophic levels (Bonkowski 2004; Gessner et al. 2010; Dahl et al. 2018). Studies on 
the biological activity of the substances produced by Lycogala epidendrum (L.) Fries, a species 
of myxomycete, reported that it produced substances capable of influencing plant growth and 
inhibiting root germination of rice crops (Hashimoto et al. 1994). In addition, substances 
produced by active plasmodia and/or present in fruiting bodies of Fuligo septica (L.) Wigg., 
Lycogala epidendrum, Physarella oblonga (Berk. & M. A. Curtis) Morgan, Tubifera bombarda 
(Berk. & Br.) Martin, and T. microsperma (Berk. & Curt.) Martin were observed to act as 
antibiotics to pathogenic microorganisms such as Pseudomonas aeruginosa (Schroeter) Migula, 
some Candida species, and other human pathogens (Martin et al. 1983; Guimarães et al. 1989; 
Guimarães 1992; Pereira et al. 1992; Albuquerque 1998; Chiappeta et al. 1999; Ribeiro et al. 
2002). 
According to Lister (1925), the first citations in the literature referring to myxomycetes 
date back to the seventeenth century. In Brazil, studies on myxomycetes began in the late 
nineteenth and early twentieth centuries in the northern region of the country. Since then, several 
investigations throughout numerous states have indicated that species of myxomycetes can be 
found in all regions of Brazil, distributed among its different ecosystems (Putzke 1996; 
Maimoni-Rodella, 2002; Bezerra 2003; Cavalcanti 2019). Considering the continuous increase in 
the number of species recorded and the size and floristic diversity of Brazil, there remain few 
studies on myxomycetes, particularly those regarding their ecological aspects. 
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Dictyostelids – cellular slime molds 
Dictyostelids (cellular slime molds) are eukaryotic, bacterivorous amoebae characterized 
by both unicellular and multicellular stages in their life cycle (Raper 1984).	Because of its 
gregarious nature and being able to form pseudoplasmodia and macroscopic fruiting bodies, 
dictyostelids are widely used as model organisms for various areas of biological research, 
including cell differentiation, genetics, and cell signaling pathways (Raper 1984; Schaap 2011; 
O'Day & Keszei 2012). Even though these microorganisms are commonly found in soil, where 
they can be observed in large populations (Vadell et al. 2011), smaller populations of 
dictyostelids also have been reported from other habitats (e.g., dung and organic debris) (Raper 
1984, Stephenson & Landolt 1998). Considering their abundance in different microhabitats and 
broad global distribution, these organisms have a substantial impact on bacterial abundance and 
diversity through predation, and therefore affect soil properties and consequently higher levels of 
the food chain (Swanson et al. 1999; Cavender 2013; Xavier de Lima 2013). 
First described in 1869 by Oskar Brefeld (Brefeld 1869), dictyostelids are a monophyletic 
group of approximately 150 described species occurring in the most diverse ecosystems around 
the globe (Adl et al. 2012; Romeralo et al. 2012). Species of dictyostelids have been described 
from all continents; however, there are still large portions of the globe without any data about the 
occurrence of this organisms (Swanson et al. 1999).  
In South America, there are records of dictyostelids from Peru, Uruguay, Argentina, 
Chile, Ecuador and a few records from Guyana (Swanson et al. 1999, Vadell 2000, Vadell & 
Cavender 1998, 2007, Vadell et al. 2011). In Brazil, early records show the presence of 13 
species of dictyostelids collected in areas of Amazon forest in the states of Amazonas and Pará 
(Horne & Landolt 1997; Swanson et al. 1999). More recently, nine species of dictyostelid 
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cellular slime molds were isolated from the Atlantic Forest areas of northeastern Brazil (Xavier 
de Lima 2013). 
Protostelids – Protosteloid amoebae 
 Protosteloid amoebae, often referred to as protostelids, are a paraphyletic assemblage of 
unicellular eukaryotes classified within the supergroup Amoebozoa (Spiegel et al. 2017). This 
group of single-celled, heterotrophic microorganisms is commonly found on dead plant matter as 
predators of bacteria, yeasts, and fungal spores (Adl & Gupta 2006).  
The members of this group are characterized by sporocarpic amoebae that make 
microscopic fruiting bodies induced by stress situations (Shadwick et al. 2009; Lahr et al. 2011). 
Those simple fruiting structures consist of a non-cellular stalk typically carrying one to a few 
spores (Spiegel et al. 2017). A trophic stage is also included in their life cycle: the amoeboid 
states of protosteloid amoebae display highly diverse amoeboid cell morphology, ranging from 
uninucleate amoeboid and/or amoeboflagellate cells to multinucleate reticulate plasmodia 
(Shadwick et al. 2009; Aguilar et al. 2011). 
Although global inventories carried out thus far suggest that protosteloid amoebae can 
occur in every type of terrestrial system on many different microhabitats (Ndiritu et al. 2009), 
very little is known about their biogeographical patterns and ecology. Even though the results 
obtained from previous studies (Schnittler & Stephenson 2000; Moore & Spiegel 2000; Moore & 
Stephenson 2003; Powers & Stephenson 2006) have provided evidence of the presence of 
protosteloid amoebae species in tropical forests, there are gaps in information of the distribution 
of these microorganisms in humid tropical forests of Brazil. 
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Objectives 
Tropical forests are currently listed as biodiversity hotspots with a high priority for 
conservation. Although most studies have placed primary emphasis on certain groups of 
organisms (i.e., vascular plants and larger animals), it is essential that research also be directed 
towards microorganisms such as bacteria, fungi, lichens, myxomycetes, and other protists, all of 
which are crucial for the conservation planning of the remaining areas of tropical forests on the 
planet. 
The objectives of the studies described herein are to increase the knowledge about the 
Brazilian microbiota, especially in areas of Amazon and Tropical Rainforest. A survey was 
carried out for different substrates in fragments of the Amazon and Atlantic Rainforest located in 
the states of Roraima and Pernambuco, respectively, to exhaustively document the range of 
substrates present in these types of forests in order to characterize the ecological distribution of 
the assemblage of species of myxobacteria, myxomycetes, ceratiomyxomycetes, dictyostelids, 
and protosteloid amoebae present. 
Moreover, in order to contribute to the knowledge of the distribution and diversity of 
microorganisms in the Neotropics, this dissertation also includes an overview of the 
biogeographical patterns of microorganisms and a bibliographic revision of the species of 
myxomycetes and ceratiomyxomycetes found in Brazil distributed among the different 
vegetation physiognomies throughout the country. 
This dissertation yielded a considerable body of new information on the distribution, 
ecology, and species diversity of microorganisms in tropical rainforests. Moreover, in an effort to 
protect and preserve examples of existing ecosystems in the Amazon and Atlantic Rainforest 
biomes, this knowledge may be used as the first step to improve management and conservation 
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of the Brazilian biodiversity, thereby ensuring the preservation of its natural resources and 
provide opportunities for controlled public use, education, and scientific research.  
 
		 8 
I. A General Overview of Biogeographic Patterns of Microorganisms 
 
Abstract 
Biogeography has a long intellectual heritage, which goes back to the earliest studies of 
the distribution of organisms on the surface of the globe. Its objectives are to discover the 
patterns of life distribution and the causes that have led to these patterns, both in terms of 
mechanisms and processes, with a primary focus on plants and animals. The development and 
improvement of molecular tools have increased the interest and technical progress of the 
research directed towards the ecology and diversity of microorganisms. These new tools have 
allowed the study of organisms that are not able to be cultivated in the laboratory, expanding 
population research and knowledge of new species. The increased resolution has been 
fundamental in community studies; it has allowed an expanded assessment of organismal 
diversity and a higher resolution of the patterns of biogeographical distribution. In general, the 
main factors responsible for the emergence of biogeographical patterns are speciation, extinction, 
and dispersal processes that cause expansion or contraction in the rate of distribution in a 
determined area. Thus, factors such as size, abundance, and rates of speciation of 
microorganisms need to be considered. As a result of the intense debate and questioning about 
whether or not microorganisms follow the same geographical patterns as other larger organisms, 
the objective of this chapter is to discuss the conceptual and methodological revision of the 
limitations in microbial ecology and biogeography in general, while also considering the 
processes that can generate biogeographic patterns. 
 
 
		 9 
Introduction 
Linnaeus and other naturalists of his time began to critically analyze and organize the 
distribution and diversity of species of multicellular organisms on Earth around the second half 
of the 18th century. From this period onwards, biologists have investigated the distribution of 
animals and plants, this being one of the primary goals of ecology (Martiny et al. 2006). Within 
ecology, biogeography is the science that aims to study and understand the spatial and temporal 
patterns of biological diversity at local and regional scales (Ramette & Tiedje 2007; Green et al. 
2008). Knowledge of the biogeography of organisms is crucial to determine the real extent of 
organismal diversity, identification of threatened taxa, extinction, and ecological functions of 
species in ecosystems (Staley & Gosink 1999). In a more modern perspective, biogeography 
seeks, not only to understand the distribution of diversity, but also to understand the mechanisms 
responsible for their emergence and maintenance, this including such aspects as speciation, 
extinction, dispersal, and interactions between species (Martiny et al. 2006).  
Almost all species of animals and plants have a limited distribution on the planet, not 
only because they require a specific habitat but also due to historical factors such as barriers that 
prevent the migration of these organisms (Fenchel & Finlay 2003, 2004). For decades, 
biogeography has been widely applied to studies of complex eukaryotic organisms. The 
biogeographical theory was developed based on the diversity and distribution of plants and 
animals, which is far better studied and understood than microorganisms. However, only recently 
microbial ecologists have sought to understand the processes that generate and maintain the 
diversity of microorganisms based on those patterns followed by larger organisms. 
For a long time, the feasibility of carrying out microbial ecology research has been 
difficult due to limitations in accurately representing the microbial communities in their natural 
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environment. Initially, all ecological and biogeographical studies were based solely on visual 
identification, taxonomy, and laboratory cultivation. Because of the highly scattered and often 
vague literature, with considerable misidentifications, methodological shortcomings and flaws, 
and patchy information, a comprehensive and detailed study of the biogeography of 
microorganisms was terribly difficult (Foissner 1987, 1998; Lhotský 1998; Hoffmann 1999; 
Alongi et al. 2002; Foissner 2006). 
However, with the advent of independent cultivation techniques (e.g., DGGE, T-RFLP 
and rDNA libraries), studies of temporal and spatial distribution of microbial biodiversity 
became possible (Martiny et al. 2006). Recently, ecologists who study microorganisms and those 
who carry out research on macroorganisms have been interacting and trying to understand if the 
processes that generate and maintain the diversity of microorganisms are similar to those 
followed by larger organisms (Martiny et al. 2006). Moreover, it is known that macro- and 
microorganisms are often involved in intimate associations (e.g., host and pathogen, mutualism, 
and predation), and that can affect each other’s geographic distributions (Anagnostakis 1987; 
Falush et al. 2003). Consequently, a logical first hypothesis is that the biogeography of 
microorganisms would follow the same biogeographical rules of macroorganisms.  
Dolan (2005) debated that microbial biogeography differs from traditional biogeography 
because, within microorganisms, the historical factors are far less critical and often not as 
important as biological and physical factors. Accordingly, if microorganisms can be shown to 
represent explicit exceptions to the biogeographical patterns of plants and animals, then this will 
drive attention to unique features of microbial life that have influenced the generation and 
maintenance of its diversity (Martiny et al. 2006). 
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An interest in microbial spatial patterns started at the beginning of the twentieth century, 
initially with Beijerinck, who observed that distinctive organisms could be cultivated from 
different natural environments. In 1913, he proposed the metaphor “in microorganisms; 
everything is everywhere, the environment selects” that later became a paradigm in microbial 
ecology (Foissner 2006). Then, in 1934, Baas Becking was responsible for formulating one of 
the main existing theories of the biogeography of microorganisms (Quispel 1998). Because of 
their small size, high abundance, and the ability to form dormant stages (cysts, eggs, and spores), 
which facilitate dispersal by air, dust, and migrating animals. Baas Becking reinforced the theory 
that prokaryotes, unicellular eukaryotes, and small multicellular organisms were widely 
distributed throughout the world, but the environment would be responsible for their selection 
(Foissner 2006). However, many studies could not support this hypothesis (Laybourn-Parry 
1992; Weisse et al. 2001; Azovsky 2002; Hausmann et al. 2003; Weisse 2004). 
The discussion remained dormant until the advent of molecular techniques. These new 
methods allowed a breakthrough in all areas of microbiological ecology. As a result, there was a 
reassessment of biodiversity and biogeography discussion (Fierer 2008). For example, the 
diversity of microorganisms is known to be much higher than those estimates obtained 
previously with conventional techniques of microbiology, since most microorganisms cannot be 
cultivated (Muyzer 1999; Casamayor et al. 2000). Hence, the methodological advances revived 
the debate on the existence of biogeographical patterns of microorganisms, resulting in a 
significant increase in the number of papers on this topic in the scientific literature. 
Currently, two main scientific streams of thought lead the biogeographic debate. The first 
is the one proposed by Beijerinck and Baas Becking and established that microorganisms are 
widely distributed, but the environment is responsible for selecting the species. Therefore, local 
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factors such as environmental conditions and interactions between species are more important 
than regional factors such as the distance between ecosystems (Quispel 1998). Due to its wide 
distribution, there would be a high local diversity and a relatively low regional diversity (Fenchel 
et al. 1997; Fenchel 2003; Fenchel & Finlay 2004).  
Different authors have applied these ecological methods and concepts in studies of 
heterotrophic protists (mainly ciliates) and their results support this first theory (Fenchel et al. 
1997; Finlay 2002; Azovsky 2000, 2002). However, one must take into consideration that 
according to the World Conservation Monitoring Center (2013), despite the efforts in the use of 
new laboratory cultivation and molecular technics, it estimated that more than half of the protists 
in the world are still undescribed, especially the rare species (Brown et al. 2013; Nawaz et al. 
2014). Furthermore, it is well known that even intensive studies of a certain habitat provide only 
a small fraction of global microbial diversity (Finlay & Maberly 2000; Foissner et al. 2002). 
The second scientific theory proposes that micro- and macroorganisms follow the same 
patterns and ecological laws but at different spatial and temporal scales. Thus, the 
microorganisms, as well as macroorganisms, present biogeographical patterns for which regional 
factors are just as important in structuring the spatial distribution as local factors (Azovsky 2002; 
Foissner 2008). 
Foissner (2006) emphasized that the number of studies, ranging from bacteria to small 
metazoans, are beginning to challenge the first proposed theory. He also discussed that the data 
available suggest that microorganisms have distribution patterns similar to those known for 
higher plants and animals. Horner-Devine et al. (2007) used meta-analysis to compare results of 
bacteria, archaea, fungi, and algae to previously published findings from almost 100 
macroorganism data sets. They used methods previously employed for macroorganisms to assess 
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their applicability to microorganisms and to enable correlation of co-occurrence patterns 
mentioned in microorganisms to those found in macroorganisms communities, and they were 
able to observe that the microorganisms demonstrated similar biogeographic patterns to those 
found in assemblages of plants and animals. 
Considering the highly divergent views on microbial diversity and biogeography patterns, 
this chapter intends to present, in general, the methodological and conceptual limitations in the 
study of microbial ecology, especially concerning the study of biogeography of these organisms. 
Also, it briefly discusses the processes that can generate these patterns (speciation, extinction, 
and dispersal), and characterizes some distribution patterns of microorganisms found in the 
literature related to the biogeography of these organisms. 
 
Microorganisms: a diverse, complex, and heterogeneous group, yet to be understood 
The term microorganism is an operational definition, which unites various taxa of 
microscopic single-celled organisms that live in nature as isolated cells or cell aggregates 
(Martiny et al. 2006). The term commonly denotes members of the domains Bacteria and 
Archaea, in addition to microscopic members of the domain Eukarya (e.g., unicellular algae, 
some fungi, and protists) (Madigan et al. 1996; Pace 1997; Logue 2010; Adl et al. 2012). 
The informal definition of the term microorganism causes problems of a practical nature. 
A wide biological diversity under the domain of microbiology makes use of this description. 
which is employed simply to designate the non-visible to the naked eye organisms that exist in 
nature as unit cells or cell aggregates. This definition encompasses phylogenetically distinct 
organisms, including both prokaryotes, archaebacteria (Archaea) and bacteria, and eukaryotes, 
the microscopic algae (cyanobacteria), filamentous fungi, yeasts, and protozoans. 
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The existence and diversity of living creatures on the planet depend on the variety and 
metabolic activity of microorganisms in nature (Stolz et al. 1989; Truper 1992). The significant 
role of microorganisms in maintaining biological processes is still little known. Their 
participation in critical ecological processes such as photosynthesis, oxygenic respiration, 
cycling of organic matter, biogeochemical cycles, and maintaining soil fertility and soil structure, 
among others is crucial for the maintenance of global equilibrium (Stolz et al. 1989; Truper 
1992; Hawksworth 1991a,b). 
Microorganisms have been evolving from approximately 3.8 billion years ago, and up to 
2 billion years ago were still the unique form of life on Earth (Ward 1998). In consequence of 
their long evolutionary history, plus the necessity for adaptation to the various environments, 
microorganisms assembled an extraordinary genetic diversity that exceeds, by far, the variety of 
eukaryotic organisms (Ward 1998; Hunter-Cevera 1998). Early phylogenetic studies based on 
16S rDNA sequences show, for example, the distance between two phylogenetic groups of 
bacteria (halophilic and spirochete) is 2.5 times larger than the distance between animals and 
plants, which are classified in different kingdoms (Woese et al. 1990; Hugenholtz et al. 1998). 
Microorganisms represent the richest biochemistry and molecular diversity in nature, providing 
the basis for ecological processes such as biogeochemical cycles and food chain. In addition to 
that, microorganisms are able to maintain vital relationships among themselves and higher 
organisms in order to survive (Hunter-Cevera 1998). 
The complete diversity of microorganisms is yet unknown. One gram of soil, for 
example, may contain 10 billion microorganisms, representing thousands of species (Rosselo-
Mora & Amann 2001). Mendes et al. (2011) detected more than 33,000 bacterial and archaeal 
species associated with the beet rhizosphere. Additional research showing the important role of 
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myxomycetes in the ecology of soils in different ecosystems recorded up to 10,000 
myxoamoebae per gram of soil (Medelin 1984; Feewell &Madelin 1988; Damewort & Madelin 
1991).  
Considering their relative morphological simplicity and great genetic and metabolic 
diversity, microbes colonize virtually all environments on the planet, including places where the 
environmental conditions (e.g., low concentrations of nutrients and low water resources, 
extremes of temperature, salinity, pH and pressure) transcend the limits of tolerance of animals 
and plants. Such places include the polar regions, geothermal sources, alkaline lakes, marine 
abyssal environments, within subterranean rocks and oil deposits (Ghiorse & Wilson 1988; 
Barns et al. 1994; Pedersen et al. 1996; Balkwill et al. 1997; Kato et al. 1997; Chandler et al. 
1998; Ravenschlag et al. 1999; Orphan et al. 2000). 
Several studies have shown the evident disparity between the knowledge of the diversity 
of microorganisms when compared to the variety of other taxa relatively better studied such as 
higher animals (except for insects and nematodes) and plants. Perhaps the environmental 
complexity, body size and spatial scaling, speciation and extinction rates and the “storage effect” 
represent some of the factors that contributed to the development of such exquisite diversity 
(Fierer 2008). 
Most of the microbial habitats are spatially heterogeneous due to either biotic or abiotic 
factors; as a result, a given sample can include a large number of potential niches in which an 
extensive variety of microorganisms can be found (Kassen & Rainey 2004). For instance, 10 cm2 
of sediment may include a range of environment conditions, allowing the establishment of 
obligate aerobes, facultative anaerobes, and obligate anaerobes living in proximity to one another 
(Fierer 2008). Likewise, 1.0 g of soil sample is likely to support microbes with a broad array of 
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physiologies, including autotrophs (such as nitrifiers and methane oxidizers), aerobic 
heterotrophs that are either copiotrophic or oligotrophic, and anaerobes (such as denitrifiers and 
sulfate reducers) (Kennedy 1999; Watanabe 2001; Torsvik & Øvreås 2002).  
Even environments that appear to be relatively homogeneous can harbor a number of 
distinct microhabitats. For example, numerous Pseudomonas genotypes can arise from a single, 
ancestral genotype due to the availability of multiple ecological niches in different locations of 
an unshaken culture vessel (Kassen et al. 2000). Korona et al. (1994) and Rainey et al. (2000) 
demonstrated that in laboratory studies, there is a positive correlation between habitat 
heterogeneity and the phylogenetic diversity of bacteria, although such patterns have been more 
difficult to confirm in nature. 
Gast et al. (2004) used a culture-independent approach to obtain an assessment of the 
genetic composition and distribution of protists (diatoms, dinoflagellates, ciliates, flagellates, and 
several unidentified eukaryotes) within different microenvironments (seawater, freshwater or 
slush on sea-ice floes, and ice) of the Ross Sea, Antarctica. They observed that samples from the 
same environment have a similar species composition. Also, the type of microenvironment 
significantly influences the composition of protist species present. 
By analyzing various published articles, it is possible to conclude that different species of 
microorganisms are more readily abundant in particular habitats and/or microhabitats. 
Furthermore, the diversity of each species differs according to the type of environment 
investigated (Lado & Teyssière 1998; Stephenson et al. 2000, 2008; Schnittler & Stephenson 
2002). 
Zhou et al. (2002) found that saturated subsurface soil contained less diverse microbial 
communities than unsaturated soil, due to the difference to the increased patchiness of the 
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unsaturated soils. Treves et al. (2003) also conducted laboratory studies that support the same 
conclusion. Although several studies indicate that somehow the microhabitat is directly related to 
the composition of the communities of microorganisms present, the direct correlation between 
habitat complexity and microbial diversity is still unknown, mainly because it is difficult to 
quantify environmental complexity given the large number of biotic and abiotic factors that 
interact to shape microbial habitats. 
In 1988, Robert May hypothesized that smaller organisms should have a higher local 
diversity than larger organisms due to their ability to partition a given environment more finely, 
and this was later supported by several other authors (Morse et al. 1985; Ritchie & Olff 1999; 
Azovsky 2002). One can also infer that a decrease in body size increases the apparent number of 
habitats in a given environment, as there is a fine-grained perception of environmental 
heterogeneity and a corresponding increase in the number of different ways the environment can 
be utilized by organisms (Fierer 2008). 
It is important to note that the “size” hypothesis is similar to the “environmental 
complexity” hypothesis described above, and that both hypotheses suggest that the large number 
of potential niches in a given microbial habitat are responsible for the high levels of microbial 
diversity. However, it is important to recognize that the high levels of microbial diversity may be 
a direct result of the scale of inquiry; the samples analyzed by microbiologists are relatively 
small from a larger perspective but incredibly large compared to the size of individual microbes 
living in that sample (Fierer 2008). 
High rates of speciation, low rates of extinction, or some combination of these two 
processes may be responsible for the high levels of microbial diversity recognized in 
microorganisms. Unfortunately, we do not have reliable estimates of microbial speciation and 
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extinction rates. As a result, the importance of these processes is a matter of speculation (Horner-
Devine et al. 2004a; Ramette & Tiedje 2007; Fierer 2008). Because microorganisms are 
probably less sensitive to starvation or harsh environmental conditions; are capable of rapid 
asexual reproduction and can produce cysts and resistant forms, one would expect their rates of 
extinction to be lower than most metazoans (Dykhuizen 1998; Horner-Devine et al. 2004a; 
Ramette & Tiedje 2007). Besides, the large number of individuals present in most microbial 
populations and high rates of dispersal may efficiently decrease the effect of environmental 
conditions or other stochastic processes that could lead to extinction in microbial taxa.  
Moreover, microorganisms such as bacteria, protists, and fungi, often have short 
generation cycles, high rates of horizontal gene transfer, large population sizes, an ability to 
finely partition a given environment into distinct niches, and often engage in direct interspecies 
interactions (both positive and negative) (Thomas & Nielsen 2005; Hanson et al. 2012). That 
may contribute to ecological specialization, and that speciation rates should be higher for 
microbes than for plants and animals (Dykhuizen 1998; McArthur 2006; Papke & Ward 2004). 
Experimental studies, under controlled conditions, show that rates of speciation can be very rapid 
for laboratory strains of bacteria (Elena and Lenski 2003; Lenski et al. 1991; Rainey et al. 2000). 
In contrast, the knowledge regarding speciation rates for the majority of microorganisms living 
in natural environments is still limited. If microorganisms have high rates of speciation and low 
rates of extinction, then this combination of processes could contribute to the high levels of 
microbial richness, observed at both local and global scales (Hanson et al. 2012). 
Lastly, the “storage effect” hypothesis explains the maintenance of species coexistence 
(Chesson 1994; Chesson & Huntly 1989; Chesson & Warner 1981). The “storage effect” 
suggests that temporal fluctuations in recruitment rates among species can lead to the stable 
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coexistence of competitors (Cáceres 1997). In other words, species would remain in a 
community and not become extinct as long as competition between organisms in the same niche 
regulates the community structure. Environmental conditions vary, and there are species-specific 
responses in recruitment rates to this variability, giving species (even rare species) the capacity 
to increase in population size on occasion, and organisms have a long-lived life stage to survive 
periods of poor recruitment when environmental conditions are less favorable (Fierer, 2008). 
Even though the “storage effect” has not been widely applied to microbes, the hypothesis may 
provide a plausible explanation for the high levels of local microbial diversity (Cui et al. 2014). 
In all likelihood, most microbial communities probably satisfy the conditions outlined 
above. Microhabitats are often temporally variable; microorganisms are likely to compete for 
limited resources (or space), and many are capable of rapid growth rates given the appropriate 
environmental conditions. Moreover, different phylogenetic groups of microorganisms often 
have distinct ecological requirements (e.g., redox levels, substrate preferences, pH requirements, 
and light availability), and many bacteria, fungi, and protists can survive in a dormant or semi-
dormant state for prolonged periods of time. Testing the applicability of the “storage effect” 
hypothesis to microbial communities would not be easy, given the limited knowledge of 
microbial life histories. Nevertheless, the “storage effect” hypothesis may provide a 
comprehensive set of mechanisms to explain and predict levels of diversity in microbial systems. 
 
Methodological and conceptual limitations 
    The study of microbial biogeography has encountered several methodological and 
conceptual limitations inherent to microbiological studies. Therefore, some of the issues 
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discussed in this revision are not specific limitations of the biogeography of microorganisms but 
all microbial ecology. 
Recent progress and methodological limitations  
The increase in the number of molecular tools applied to the study of microbial diversity 
has provided better access to genetic information about microbial communities and populations, 
which has helped revitalize interest in the studies of biogeography of these organisms. 
    The breakthrough technique of the polymerase chain reaction (PCR) technology by 
Kary Mullis in 1983 (Stryer 1995) is now used as a widespread and often indispensable 
technique in medical and biological research labs for a variety of applications. Nowadays, most 
molecular methods use the product of this process to analyze microbial communities without the 
use of selective culture media, plating techniques or specific collecting methods (Casamayor et 
al. 2000).  
Among the most significant methods is the use of fingerprint techniques such as 
Denaturing Gradient Gel Electrophoresis (DGGE), a commonly used molecular method for rapid 
fingerprint analysis of microbial community composition, diversity, and dynamics (Muyzer 
1999). The process is fast and affordable, allowing multiple samples to be processed 
simultaneously (Green at al. 2010). Temperature Gradient Gel Electrophoresis (TGGE) a variant 
of DGGE that can detect single-base mutations in a specified region of double-stranded DNA 
(Muyzer et al. 1993). Together with Terminal Restriction Fragment Length Polymorphism (T-
RFLP), a method based on variation in the 16S ribosomal RNA (16S rRNA) gene used to study 
complex microbial communities (Liu et al. 1997). These techniques are applied to the study of 
complex microbial communities in diverse environments such as soil, marine and activated 
sludge systems (Osborn et al. 2000; Green et al. 2010; Tittensor et al. 2011; Fukuda et al. 2016; 
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Yoo et al. 2017). Such techniques rely on the formation of molecular profiles of the microbial 
community, which enables the simultaneous analysis of several environmental samples, being 
very useful for monitoring and understanding temporal and spatial variations of microbial 
communities. Generally, in the fingerprint technique, specific regions of the molecule of 16S 
rRNA are used to generate the microbial profiles. Each species has different quantities and 
sequences of nitrogenous bases in the small subunit 16S rRNA which permits a characteristic 
profile band for each community of microorganisms (Foissner et al. 2008). Still, the 16S rRNA 
gene surveys, even when relatively large, seldom contain the complete range of microbial variety 
observed in a sample, making it challenging to accurately determine the total taxonomic richness 
that defines microbial communities (Hughes et al. 2001; Curtis et al. 2002; Curtis and Sloan 
2005; Fierer 2008). This is particularly true in research conducted in soil and sediment habitats, 
where individual samples are likely to present many tens of thousands of bacterial phylotypes 
(Torsvik et al. 2002; Tringe et al. 2005; Gans et al. 2005; Hong et al. 2006). The same 
conclusion is valid for other microbial groups, including protists, archaea, and fungi. This may 
also exhibit very high levels of local phylogenetic diversity (Breitbart et al. 2002; O'Brien et al. 
2005; Walsh et al. 2005; Fierer 2008; Tedersoo et al. 2017). 
In addition, these methods may generate errors such as the formation of chimeras 
(artificially created molecules, not derived from any single cell), a heteroduplex (when the 
annealing of nonspecific fragments occurs), the presence of different rRNA sequences from the 
same organism and co-migration of sequences from different organisms (Muyzer et al. 1993; 
Muyzer 1999). Standardizing the parameters related to sample processing allows monitoring and 
comparing these profiles, making them good representatives of these communities (Muyzer et al. 
1993; Casamayor et al. 2000; Loisel et al. 2006; Dowle et al. 2013). 
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The fact that it allows only the study of common species in the sample (e.g., numerically 
more abundant) is another limitation of the fingerprint methodology (Muyzer et al. 1993; Adil 
2015). Populations of microorganisms with more than 1% of individuals represent the detection 
limit in the sample density (Pedrós-Alió 2006). If the same taxa are the most abundant in two 
samples, however, they differ mainly for the less abundant taxa, the diversity of the samples 
would appear to be the same (Curtis et al. 2006). Thus, the change in the pattern of the profiles 
generated by methods of fingerprint occurs only when the most abundant species are affected 
(Loisel et al. 2006). Moreover, it is essential to develop new methodologies for the refinement of 
research on microbial communities, since the number of rare species usually represents a more 
significant fraction of the community (Loisel et al. 2006; Locey & Lennon 2016). 
The level of refinement of each of the different techniques that allow the assessment of 
microbial communities can produce different patterns of community composition. Techniques 
like Amplified Ribosomal DNA Restriction Analysis (ARDRA) allow access to genetic changes. 
The ARDRA technique quickly compares different communities and may help to understand the 
influence of environmental or chemicals conditions on ecological community richness 
(Błaszczyk et al. 2011). Interactions between 16S, 23S rDNA, and Repetitive Sequence-Based 
PCR (rep-PCR) with box primers are used to generate genomic fingerprints (Delboni et al. 
2017). This method shows very similar band patterns because they use very conserved regions of 
RNA and, therefore, are considered techniques that display a higher level of coarse resolution 
(Seurinck et al. 2003; Martiny 2006). 
A further refinement can be found when using less conserved sequences. For example, 
through the technique of the Internal Transcribed Spacer and Restriction Fragment Length 
Polymorphism (ITS-RFLP). This method allows combination of highly conserved sequences in 
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the 18S, 28S, and 5.8S rDNA regions with variable sequences in the ITS regions at the species 
level (Cho and Tiedje 2000; Moritz et al. 2000). Moreover, the ITS shows a high interspecific 
variability with extremely low intraspecific variability. Another way to increase the level of 
resolution of the observed patterns is the use of specific primers, which can amplify specific 
microbial groups, which may be difficult to find when universal primers are used (Pedrós-Alió 
2006). 
Currently, techniques such as cDNA libraries, sequencing and pyrosequencing, a DNA 
sequencing technology based on the sequencing-by-synthesis principle that employs a series of 
four enzymes accurately to detect nucleic acid sequences during the synthesis (Ntziora et al. 
2009; Fakruddin et al. 2012) are the most effective in identifying rare organisms (Forney et al. 
2004). Thus, less accurate resolutions do not allow the observation of patterns of diversity 
distribution. However, when applying more refined with higher-resolution techniques, these 
biogeographic patterns may become apparent (Rauch & Bar-Yam 2004). 
Species concept 
Because of the wide range of organisms included in this assemblage, and the different 
definitions of species for the many organisms represented by the term microorganism, this 
review will be limited to the use of molecular definitions for this characterization. The target unit 
in research that aims to understand and characterize the distribution patterns of organisms is the 
species, which may be influenced by the biogeographic study of animals and plants. However, in 
microorganisms, the concept of species is not clearly defined, mainly due to methodological 
difficulties (Roselló-Mora & Amann 2001; Fenchel & Finlay 2006; Wards 2006; Walker & 
Stephenson 2016). 
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The classic taxonomic species concept is based on the observation of particular 
phenotypic characteristics that, combined and/or correlated, occur in a finite number of discrete 
units, not excluding the possibility that some populations may possess some unique adaptive trait 
(Fenchel & Finlay 2006). This definition is not very useful for microorganisms, as there is 
tremendous difficulty in phenotypic differentiation of microbial cells. For bacteria, most of the 
protists and microscopic fungi, the most widely used definition is the one where microorganisms 
of the same species have at least 70% DNA-DNA homology, more than 97% similarity in the 
sequences of the gene encoding the 16S rRNA, and have similar morphological and/or metabolic 
characterization defined when isolated in laboratory culture (Cohan 2002; Logue & Lindström 
2008). 
Within this perspective, microbial ecologists use molecular markers as a basis of 
microbial phylogenetic studies. The genes encoding molecules of rRNA are currently the most 
used markers (Yang et al. 2016). These molecules are considered to be useful molecular 
markers, because of their universal distribution (present in most organisms), are functionally 
constant, sufficiently preserved (less vulnerable to horizontal transfer of genes than other parts of 
the microbial DNA), and have a number of nitrogenous bases sufficiently high to provide a 
robust phylogenetic structure (Schloss & Handelsman 2007). Furthermore, the techniques based 
on the rRNA molecule are relatively simple, practical, and are widespread among microbial 
ecologists. Thus, the microbial species are still the fundamental unit of research in microbiology, 
which is usually expressed in Operational Taxonomic Unit (OTU), and obtained through the 
similarity of the 16S rRNA gene (Ramette & Tiedje 2007). 
However, despite the apparent advantages, the definition of microbial species based on 
this technique has been widely criticized, since even in conserved regions of the rRNA molecule, 
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the exchange of genes between microorganisms by horizontal gene transfer is possible (Soucy et 
al. 2015; Daubin & Szöllősi 2016; Koonin 2016). Besides, the same species can produce 
different sequences of 16S rRNA (microdiversity) gene, which would prevent a precise 
microbial phylogenetic classification (Weinbauer & Rassoulzadegan 2007). Other molecular 
techniques such as cloning followed by genetic sequencing and the pyrosequencing have been 
developed and improved, and present themselves as more robust alternatives when compared to 
more traditional methods.  
In this context, there is still a significant question whether genetic distances, which are 
used to differentiate species in molecular biology, represent organisms that are morphologically 
indistinguishable but with different physiological properties. Currently, it has been established 
that microbial populations that are genetically unique adapt to their local environment in 
response to environmental conditions (e.g., ecotypes). Thus, organisms that occupy discrete 
niches suffer periodic selection, which allows for genetic variations within each niche. With little 
or no recombination, the result will be the appearance of genetically and ecologically distinct 
species. This theory assumes that the genetic diversity is directly related to environmental 
diversity. Hence, the evolutionary patterns that are revealed by molecular markers, such as 16S 
rRNA, represent ecologically distinct populations and, therefore, ecological theories that depart 
from this concept can be applied to microorganisms (Cohan 2002; Wards 2006). 
 
Mechanisms that generate biogeographic patterns 
 The main factors responsible for the occurrence of biogeographical patterns are 
speciation, extinction, and dispersal, processes by which expansion or contraction of taxa 
distribution occurs. Because of the small size of microorganisms, the paradigm of allometry can 
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offer a useful framework for discussing the processes generating biogeographical patterns. 
Allometric equations are models that aim to predict how the size of the organisms can influence 
biological attributes such as density, metabolic rate, and lifespan of an organism (Arhonditsis et 
al. 2018). In other words, according to the allometric equations, small organisms such as 
microorganisms would have high population densities, high metabolic rates and a short life cycle 
(Basuki et al. 2009). 
Speciation 
The entry of new species in a given area is the result of two processes: local speciation 
and dispersal. There is evidence, based mostly on fossils, which suggest that the means of 
speciation may be similar in both microorganisms and macroorganisms (plants and animals) 
(Škaloud et al. 2019). Microbes have short life cycles, high densities, and especially high 
mutation rates, essential characteristics for the microbial speciation (Foissner 2008). These high 
rates of mutation produce a significant genetic variation, which together with the broad 
physiological range and body size provide a high diversification (Horner-Devine et al. 2004a). 
On the other hand, the high density can be considered as a homogenizer factor causing 
microorganisms to possess a lower degree of genetic insulation than animals and plants (Horner-
Devine et al. 2007). Another important feature is the genetic exchange between individuals of 
the same species, which in animals and plants is essential to promote genetic variability, an 
indispensable element for speciation (Ellegren & Galtier 2016; Mallet et al. 2016). While, in 
many microorganisms the genetic exchange, besides being low, it is not necessary for the 
speciation process (Horner-Devine et al. 2007). For example, if recombination rates associated 
with an ecological role are relatively small compared to mutation rates, such as the use of 
another substrate, speciation can occur (Cohan 2002). 
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Another significant process for speciation in microorganisms is the periodic selection of 
specific features of different ecotypes, which combined with horizontal transfer of genes, can 
accelerate speciation (Koeppel et al. 2008). This process can be an important source of 
ecological characteristics between phylogenetically distant groups such as, for example, the 
horizontal transfer of genes for antibiotic and pathogen resistance (Bogdanova et al. 1998; 
Lawrence 2002). It is important to observe, however, that although processes, such as horizontal 
transfer of genes are important for adaptation to new environments, they usually give a 
temporary characteristic to an organism, and are often lost when the pressure in the environment 
decreases (Koonin 2016). Therefore, mutation and periodically selection of genes, especially 
important in reducing the effective size of asexual populations, may induce the process of the 
microbial speciation, but not by obtaining new genes by horizontal transfer (Spratt et al. 2006; 
Birky et al. 2010). 
Extinction 
The number of species in a community depends on the balance between the extinction of 
local populations, speciation, and migration of species. Thus, organisms that have high rates of 
dispersion, such as microorganisms, would have lower chances of extinction than those with 
lower rates of dispersal, since the arrival of immigrants to the target environment would be more 
frequent (Fenchel & Finlay 2005). 
A different significant factor is the size of the area in which population is found, because 
populations with a small geographical distribution have a higher probability of extinction than 
populations widely distributed (Martiny et al. 2006). The high abundances, short life cycle, and 
the existence of dormant/resistance stages allow the microorganisms to withstand the most 
severe environmental conditions, thus suggesting that extinction processes hardly occur (Ramette 
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& Tiedje 2007). These additional factors, such as metabolic plasticity, may lead to the 
appearance of phenotypes that increase the dispersion ability as well as greater resistance to 
environmental stress. Studies using genealogical models show that the diversity can be 
concentrated in small sub-populations, over which the extinction can lead to fluctuations in 
diversity, even in the absence of external disturbances (Rauch and Bar-Yam 2004). 
Another still unclear factor is when the extinction is a stochastic effect (i.e., independent 
of other species present in the environment) or due to random factors such as the occurrence of 
environmental disturbances such as natural disasters. Alternatively, deterministic is whether the 
species are extinct due to the quality of the environment or the presence of a stronger competitor 
(Ramete & Tiedje 2007). In natural environments, the extinction of microorganisms is hardly 
ever observed. The vast population sizes of microorganism’s communities drive ubiquitous 
dispersal, making local extinctions virtually impossible (Fontaneto & Brodie 2011).  
The tools used today for monitoring microbial communities do not have the level of 
resolution necessary to affirm that the population was considered extinct in the community. 
Furthermore, the detectable species are those most abundant ones and thus a change in the 
pattern of OTU may reflect a difference in the microbial population densities in the environment 
(Muyzer et al. 1993; Muyzer 1999; Loisel et al. 2006; Pedrós-Alió 2006). Since there are scant 
data in the literature concerning the extinction process in microorganisms, this topic is still very 
questionable. 
Dispersion 
Dispersion is the movement of populations to distant points away from the place of origin 
(Finlay 2002). It comprises not only the physical transportation from one region to another but 
also the establishment and colonization of the new geographical area by an immigrant group 
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(Ramette & Tiedje 2007). Thus, one must consider the ability of migrants to withstand the 
environmental conditions during the trip and upon their arrival on the new environment (Martiny 
et al. 2006). 
There are two ways in which organisms can disperse. The first is the individual active 
dispersal, propagating through the propulsion of a propagule. Microorganisms, in general, are not 
able to reach significant distances or overcome geographical barriers with only this type of 
dispersion (Foissner 2006). The second way to disperse is when the transport of propagules 
occurs passively (i.e., are carried to other environments through ocean currents, attached to 
animals or by wind, which is the main form of dispersion between microorganisms [Jenkins et 
al. 2007]). 
Another factor that influences the dispersion is population size (i.e., the denser the 
population of a given species, the greater will be its’ chance to reach more distant locations). In 
this case, a positive relation is between abundance and dispersion. It is the high abundance 
combined with the small size that acts as a conductor of random dispersal in microorganisms 
(Finlay 2002; Foissner 2006; Finlay & Esteban 2007). Thus, the transport over long distances 
(e.g., between continents) may be possible through the combination of different factors, such as 
favorable weather conditions, dispersion vectors, and resistance structures, which will increase 
the range of dispersion and colonization (Jenkins et al. 2007). 
The hypothesis that environmental conditions determine the diversity of microorganisms 
suggests that the rate of dispersal and colonization of new places be so high as to prevent spatial 
differentiation. These high rates of dispersal would reduce the distinction of communities by 
increasing genomic flow, either by sexual reproduction or horizontal gene transfer, and prevent 
any tendency to differentiation through mutation, gene selection or drift (Martiny et al. 2006). As 
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the size of the organisms and abundance are inversely correlated, smaller organisms, such as 
microorganisms, are more likely to display a ubiquitous distribution than larger organisms such 
as fish, for example (Finlay 2002). 
Thus, dispersion plays a different role in structuring communities; therefore, this depends 
on the size of the organisms. Larger organisms, such as animals and plants, which have a 
significant limitation on their dispersion, have their community structured by both the 
environment and dispersion (Van der Pijl 1982). For microorganisms such as bacteria, 
microfungi, algae and protists, which are usually not limited by dispersion, the environment 
would play a more important role in structuring communities (Beisner et al. 2006; Mazaris et al. 
2010). 
Species-area relationship 
Arrhenius first proposed the species-area relationship in 1921. This relationship predicts 
that the number of species increases with increasing area and has been demonstrated for several 
groups of animals and plants (Arrhenius 1921; Bennett 1997; Harcourt 1999; Lawton 1999). 
However, there is still much debate regarding its validity for microorganisms. The model for this 
relationship is S = cAz where S is the number of species, c is a parameter that depends on the 
taxon, biogeographic region, and area unit, A is area studied, and the exponent of Z is a constant 
representing the slope curve (i.e., it indicates the new species gain with increasing area [Peters 
1993; Azovsky 2002]). 
The relationship between the increase in species richness with increasing the surveyed 
area is probably a universal phenomenon. However, it is difficult to observe in microorganisms 
because of characteristics such as high rate of dispersion and the high degree of ecological 
redundancy, which would prevent the observation of such patterns (Fenchel 2005; Fenchel & 
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Finlay 2005; Woodcock et al. 2006). Furthermore, the most used methodologies to detect these 
patterns (e.g., DGGE and T-RFLP) have detection limitations when dealing with rare organisms 
(Curtis & Sloan 2004; Kirk et al. 2004; Bing-Ru et al. 2006). Because of these methodological 
limitations, the relationship between microorganisms and the area are only detectable by 
molecular methods if environmental, evolutionary and demographic forces affect the most 
abundant taxa (Loisel et al. 2006; Nocker et al. 2007).  
   Nonetheless, despite the difficulty in making observations, the species-area relationship 
has been demonstrated for microorganisms (Bell et al. 2003, 2005; Green et al. 2004; Horner-
Devine et al. 2004b; Woodcock et al. 2006). The high availability of niches is seen as the most 
plausible explanation because these organisms can perceive the environment in much smaller 
scales than larger organisms (Reche et al. 2005, 2007). However, in general, the values found for 
the Z parameter are smaller than those found for macroorganisms and similar to those found for 
other small organisms not considered as microorganisms, such as animals of small size. That is, 
organisms exhibit a positive relationship between the number of taxa and the size of the sampled 
area, following an allometric relationship. However, the steepness of the curve would be related 
to their sizes (Azovsky 2002; Green et al. 2004; Reche et al. 2005). 
Smaller organisms have higher dispersal rates, and the improbability of microorganisms 
being limited by dispersion may explain the low values of Z found for microorganisms. Another 
possible explanation is the level of taxonomic resolution applied. Similarly, as in larger 
organisms, the higher number of new species with the increase of the sampled area depends on 
the taxonomic resolution applied (i.e., the smaller the lower taxonomic resolution, lower the 
value of Z) (Harcourt 1999; Horner-Devine et al. 2004b). For microorganisms, this resolution is 
much wider than the unit of species used for macroorganisms. Therefore, if it were possible to 
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define an OTU as an ecological unit equivalent to species as in larger organisms, it would be 
possible to find species-area relationships, with values of the exponent Z similar between macro- 
and microorganisms (Horner-Devine et al. 2004b). 
 
Cosmopolitan and endemic microorganisms 
Since the beginning of the twentieth century, it has been proposed that microorganisms 
have a ubiquitous distribution, occupying many different environments around the globe. This 
hypothesis suggests that microorganisms can disperse easily and, as a consequence, there is the 
geographical isolation between populations, preventing allopatric speciation (Fontaneto 2011). 
The high dispersal potential of microorganisms explains a high local richness but only moderate 
richness when in regional levels (Finlay & Clarke 1999; Dedeurwaerdere 2010). In this sense, 
the presence of a particular microorganism in the environment might be related to local factors 
such as pH, temperature, salinity, and nutrients. This broad distribution has been demonstrated in 
various environments (Dawid 2000; Glockner et al. 2000; Abell & Bowman 2005; Zwart et al. 
2002; Pearce et al. 2007; Stephenson et al. 2008; Kallmeyer et al. 2012). The lack of correlation 
between the similarity of the microbial community and the distance between environments, 
added to the strong environmental control, corroborates to the idea proposed by Baas Becking 
and defended by Finlay (Fierer et al. 2007). 
The high density of these organisms directly influences dispersion, increasing the chance 
of reaching new environments. Furthermore, the high abundance causes the extinction of a given 
species to become a rare event, only because these events are probabilistic (i.e., larger 
populations have less chance of being extinct). These characteristics thus allow these groups to 
be found in different regions (Glöckner et al. 2000). Several studies corroborate this broad group 
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distribution among bacteria, microscopic fungi, and protists (Lindstrom & Leskinen 2002; 
Foissner et al. 2006; Taylor et al. 2006; Pearce et al. 2007; Vanormelingen et al. 2008; Rollins & 
Stephenson 2011). 
Teixeira et al. (2010) observed that even though the groups of microorganisms were 
found in different regions, phyla and classes differ in the abundance of organisms. In his study, 
the most abundant phylum and class were different from those found in soils from other regions 
of the planet. This difference was mainly attributed to the peculiar characteristics of the area 
analyzed, for example the concentration of nutrients or the time that these soils were frozen, 
highlighting the importance of local characteristics in structuring communities.  
Yet, there are two aspects that may hinder the observation of the ubiquity of 
microorganisms. These are a short life cycle and the fact that many of the species in a given 
period of time are rare or present in cryptic mode, in a stage of numbness or as an inactive form 
(Finlay & Clarke 1999). In aquatic environments, it has been noted that approximately 90% of 
the OTUs were present throughout the study area, probably indicating that historical factors are 
not responsible for the regional differences (Yanarell & Triplett 2005; Van Der Gucht et al. 
2007). Nonetheless, this level of resolution highlighted here may not be sufficient for the 
observation of biogeographical patterns. 
Recently, the number of publications that show that spatial factors are important in 
structuring microbial communities has increased (i.e., microorganisms also exhibit 
biogeographic patterns, indicating that some aspects may be common to all forms of life). 
Pathogenic, commensals and symbiotic species show evidence of endemic patterns in 
microorganisms.  
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The introduction of new species of microorganisms can cause great damage when placed 
in environments other than their typical environment (Pérez-Reche et al. 2012). Characteristic 
examples are the diseases introduced by Europeans to North America, the typhoid fever for 
example, caused by Salmonella typhi (Kauffmann & Edwards) Le Minor & Popoff (Lozano 
2012). Environmental studies in China and Australia reported a series of economic losses caused 
by invasive alien species of microorganisms; the research also reported severe environmental 
issues in respect to service functions of forest ecosystems, agricultural ecosystems, grassland 
ecosystems, and wetland ecosystems (Hoffmann & Broadhurst 2016; Xu et al. 2006). In 
agriculture, fungal and fungal-like infections are almost always linked to biological invasions 
(Santini et al. 2013). More than half of the world plant emerging infectious diseases reported in 
the last few decades have resulted from the invasion of previously unrecognized pathogens 
(Bandyopadhyay & Frederiksen 1999; Anderson et al. 2004; Chapelle et al. 2016). In forest 
trees, the Dutch elm disease and chestnut blight are striking examples of virulent outbreaks of 
anthropogenically introduced fungi (Anderson et al. 2004; Liebhold et al. 2012). 
Guisan and Thuiller (2005) and Marmion et al. (2009) argued that the intimate 
relationship of various commensal protists with their hosts could limit the range of environments 
for these organisms. The same happens with endophytic fungi, where most species can behave 
like endophytes exclusively in tropical plants that are characterized by having a large number of 
species of endophytic fungi (Lodge et al. 1996; Gamboa & Bayman 2001; Gamboa 2002). In this 
case, the endophytic fungi have been found in association with algae, bryophytes, ferns, conifers, 
shrubs, and trees in general (Rodriguez et al. 2008).  
These facts suggest that free-living microorganisms also present biogeographical patterns 
(Hedlund & Staley 2004; Weinbauer & Rassoulzadegan 2007). The pioneering studies that 
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observed a non-cosmopolitan distribution of free-living prokaryotes were carried out with 
cyanobacteria of the genus Synechococcus, which inhabited thermal springs (Papke et al. 2003). 
The study suggested that the spatial distribution of different environments structures the bacterial 
communities, despite their high dispersal ability and high abundance. 
Members of the genus Synechococcus found in North America were not observed in 
other regions of the study (New Zealand and Japan), revealing a limited dispersion, infeasibility 
of transport and geographical isolation (Papke et al. 2003). The same pattern of geographical 
isolation and influence of regional factors were observed for hyper-thermophilus acidophilus 
bacteria, which need specialized resources, and environments with the availability of these 
resources presented a limitation on dispersal (Whitaker et al. 2003). These results show that 
higher taxonomic levels, such as Proteobacteria, can be found as cosmopolitan. However, 
specific bacterial groups, such as the genus Synechococcus, may not be distributed evenly on the 
surface of the Earth. Other studies have also reported a negative correlation between 
geographical distance and the genetic similarity of microbial taxa with little to no influence of 
measured environmental heterogeneity on microbial community composition (Papke et al. 2003; 
Green et al. 2004; Reche et al. 2005). 
Even in ecosystems where conditions are not extreme, the spatial distribution of 
environments can structure the microbial community. For example, microbial composition was 
influenced by the spatial distribution in high-altitude lakes, indicating that the re-colonization by 
microorganisms from adjacent lakes is more frequent than among more distant lakes, leading to 
more similar composition in neighboring lakes (Reche et al. 2005). Another example can be 
found on the Baltic Sea coast, where the spatial distribution of pools analyzed was responsible 
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for 9% of the variation in the microbial community, over a distance less than 500 m, 
demonstrating a degree of provincialism (Langenheder & Ragnarsson 2007). 
Although there is strong evidence that local factors such as productivity and the 
availability of dissolved organic carbon act as strong factors responsible for structuring the 
microbial community, regional factors may also play an important role in the communities 
formed by microorganisms (Hillebrand et al. 2001; Yanarell & Triplett 2004). In other 
environments, such as sediment and soil, the presence of endemic populations suggests that 
adaptations to local conditions and geographical isolation are a source of bacterial diversification 
and generate endemic populations (Cho & Tiedje 2000; Oda et al. 2005). Apparently, 
microorganisms may exhibit biogeographic patterns, even contradicting strong forces such as 
high dispersal and gene flow (Weinbauer & Rassoulzadegan 2007). 
 
Futures of Microbial Biogeography 
 The growing interest and progress in the studies of microbial biogeography are evident. 
The development of new tools and accurate methodologies provides unprecedented abilities to 
study and document changes in individual microbial communities across space and time. The 
evidence that microorganisms exhibit biogeographical patterns, some of which are similar to 
those observed on larger organisms, have been described among a wide range of microbiologists 
(Green & Bohannan 2006; Foissner 2006; Martiny et al. 2006; Ramette & Tiedje 2007; 
Lindström & Langenheder 2012). Therefore, by studying these patterns, we may be able to 
develop biogeographical theories and hypotheses that apply across the entire tree of life, which 
include macro- and microorganisms. 
The literature suggests that both contemporary selection and historical processes 
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(including dispersal limitation) shape the distribution of at least some microorganisms from all 
domains of life and a range of habitat types, spatial scales and taxonomic resolutions (Hanson et 
al. 2012). However, selection seems to have a stronger influence than historical processes, as has 
been observed for larger organisms (Cottenie 2005). Beyond these broad conclusions, it remains 
difficult to disentangle the relative importance of the processes that may generate 
biogeographical patterns (Cale et al. 1989; Bell 2001; Hubbell 2001). Consequently, the 
biogeography of microorganisms might be advanced by emphasizing biogeographical processes 
over patterns. 
Part of the difficulty in inferring the driving processes behind biogeographical patterns is 
that the processes occur along a continuum of space and time, whereas discretely sampled 
patterns represent an integration of these processes over time (Ricklefs 2007). Both experiments 
of microbial community assembly and temporal studies are needed to address the effects of these 
processes over time. There are few examples of this type of experimental research. Also, most of 
the available data provide direct evidence that historical processes influence microbial 
community composition, whether through the legacy of past environmental conditions or 
dispersal limitation (Bell 2010; Ayarza & Erijman 2011; Keiser et al. 2011; Langenheder & 
Szekely 2011). For instance, Bell (2010) identified a particular temporal window during which 
the effects of dispersal limitation were apparent before other processes overcame its impact. 
Thus, the corresponding importance of the process may depend on when the community is 
examined. Furthermore, recent temporal surveys have highlighted the importance of seasonality 
as a driver of microbial distribution and activity, which has implications for the interpretation of 
spatial patterns observed at one point in time (Fuhrman et al. 2006; Caporaso et al. 2011; Gilbert 
et al. 2012). 
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An additional approach is to address the ability of a particular microbial taxon to be 
affected by any of the processes discussed. Comparatively, dispersal potential can be estimated 
by characterizing microbial composition by means of dispersal vectors such as air and water 
(Figuerola & Green 2002; Marchant et al. 2008; McMahon et al. 2008; Green et al. 2010; 
Perfumo & Marchant 2010; Sharma & Singh 2010).  
Measurements of phenotypic traits that facilitate dispersal can also be valuable. Bissett et 
al. (2010) observed that even common knowledge about dispersal demonstrates that related traits 
from relatively few cultured taxa could explain the observed biogeographical patterns. Finally, 
new mathematical models, perhaps adapted from population genetics and ecological theory, 
could also be used to help understand biogeographical processes (Hanson et al. 2012). 
 
Conclusions 
Studies of the microbial ecology and biogeography of microorganisms are still limited in 
number. Despite the fact that early researchers had already conducted their work at the beginning 
of the twentieth century, the use of molecular tools from other areas of microbiology was 
responsible for the discussion on the distribution patterns and mechanisms that may generate 
these biogeographical patterns. Therefore, molecular tools have been essential for studies of 
microbial communities, especially for the evaluation of non-cultivable organisms. In addition, 
with increasingly powerful survey tools, creative experiments, temporal data sets, and new 
theoretical models, the next era of microbial biogeography promises to transform the 
understanding of the processes shaping all biodiversity (Hanson et al. 2012; Van Der Gast 2014). 
Also, the choice of the method to be used for biogeographical research has significant 
implications in the interpretation of results. The biogeographical patterns may become apparent 
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only when using techniques that allow a better resolution of the microbial community (Rauch & 
Bar-Yam 2004). 
The mechanisms responsible for the biogeographical patterns in microbial communities 
are now debated much less. Researchers have carried out the studies considered necessary for 
microbial community structure, and now the research is geared toward understanding how these 
processes occur and how they can influence the biogeographical patterns of microorganisms. 
There is evidence that microorganisms are widely distributed across the globe, and at the same 
time, space can also play an important role in structuring microbial communities, allowing that 
these organisms also exhibit biogeographical patterns. 
Further analysis supports the concept that both contemporary selection and historical 
processes (including dispersal limitation) promote the distribution of at least some 
microorganisms from all domains of life, and for a range of habitat types, spatial scales and 
taxonomic resolutions. However, selection seems to have a stronger influence than historical 
processes, as has been observed for larger organisms (Cottenie 2005). Beyond these broad 
conclusions, it remains difficult to untangle the relative importance of the processes that may 
generate biogeographical patterns (Cale et al. 1989; Bell 2001; Hubbell 2001). 
In conclusion, advances in the biogeography of microorganisms are strongly related to 
the advances of new methods, more specifically molecular, which may present a finer level of 
resolution of a particular community, enabling more accurate observation of the distribution 
patterns of a wide diversity of microorganisms. 
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II. Bibliographic Revision of the Myxomycetes Known from Brazil 
 
Abstract 
 The Brazilian territory comprises some of the most biologically diverse and threatened 
domains on the planet, and despite the constant efforts to expand its known taxonomic diversity, 
there is still much to be explored with respect to the country's biodiversity. The myxomycetes 
constitute a cosmopolitan group of organisms. As inhabitants of forest ecosystems, their fruiting 
bodies are usually found on aerial and ground litter, fallen logs at different stages of 
decomposition, and more rarely on the surface of living plants and herbivore dung. As 
decomposers and predators of bacteria, they play an essential role in the food chain. The earliest 
records of the presence of this group in Brazil date from the 19th century, particularly in the 
North, Northeast and Southeast regions, and more recent surveys have shown that myxomycetes 
are found in all regions of the country, throughout its different phytogeographic domains. 
 
Introduction  
Brazil is undoubtedly one of the most diverse countries in the world. Its geographical 
position, latitudinal extension, physical structure and climate range contribute to the existence of 
unique natural phytogeographic domains. In a broad concept, a domain is a particular area that is 
characterized by distinct biodiversity comprise of ecosystems dominated by identifiable and 
contiguous types of vegetation on a regional scale, with similar geo-climatic conditions 
(Ab'Sáber 2003). Domain is considered a more complete term, since it takes into consideration 
several climatic and geographic elements (e.g., elevation, climate, vegetation, soil and 
hydrography), composing the natural picture of a region (Fiaschi & Pirani 2009). 
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In this context, as developed by Ab'Sáber (2003) and adopted in several phytogeographic 
and taxonomic studies developed in the country (Coutinho 2006), and in the present review, six 
phytogeographic domains are recognized in Brazil (IBGE 1993; Scolforo & Carvalho 2006; 
Ribeiro et al. 2009a). These are the Amazon, Atlantic Rainforest, Caatinga, Cerrado, Pantanal 
and Pampa, or Campos Sulinos (Figure 1).  
The myxomycetes are a monophyletic group of single-celled eukaryotic bacterivores 
(feeding on bacteria, yeasts, and other microorganisms), classified within the supergroup 
Amoebozoa (Cavalier-Smith et al. 2015). Various species of myxomycetes can be found at all 
latitudes of the globe and are characterized by an ameboid phase with flagellated (or not) 
myxamoebae, an assimilative, multinucleate free-living plasmodial phase, and another 
reproductive phase, the fruiting body (Alexopoulos et al. 1996). 
According to Lado (2019), there are approximately one thousand known species of 
myxomycetes. About one-third of these species are considered to be cosmopolitan, occurring in 
almost all terrestrial ecosystems but are most common in temperate and tropical forests. 
However, despite the constant efforts of a number of researchers and resulting from the vast 
territorial extension of Brazil, information about the Brazilian myxobiota is still scarce and much 
of its territory remains unexplored. In Brazil, there are close to 270 known species distributed 
throughout all five regions of the country (e.g., North, Northeast, Central-west, Southeast and 
South), less than 30% of the total species currently accepted for the myxomycetes (Cavalcanti 
2015).  
In this review, I propose a retrospective of the current taxonomic knowledge of 
myxomycetes in Brazil. I also discuss the geographical distribution of the recognized species 
within the different states and phytogeographic domains including mangrove forests, along with 
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perspectives of future studies that can continue to update and fill the knowledge gaps of the 
diversity of myxomycetes in the Brazilian microbiota. 
In the past, myxomycete researchers included species in the Ceratiomyxomycetes in 
inventories. Although clearly separated phylogenetically into a separate taxonomic class, these 
organisms are commonly found occupying the same niches and microhabitats as the 
myxomycetes (Cavalier-Smith 2013). Because of the historical past between these two classes, 
members of the Ceratiomyxomycetes were included in this review. 
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Figure 1. Geographic representation of the phytogeographic domains of Brazil. 
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Amazon Rainforest 
The Amazon domain corresponds to approximately 30% of all remaining tropical forests 
in the world and occupies an area of approximately 7 million km2 in nine countries: Brazil, 
France (French Guiana), Suriname, Guyana, Venezuela, Colombia, Ecuador, Peru, and Bolivia. 
In it lies one of the last continuous extensions of humid tropical forests on Earth, which holds 
about one-third of the genetic pool of the entire planet (Hoorn & Wesselingh 2011). Sixty 
percent of the total area of the Amazon forest is located in Brazil, which comprises almost 60% 
of the national territory, an area of approximately 5 million km2 (Mantovani 2003). This domain 
holds 78% of the country's vegetation cover, distributed through eight states: Acre, Amapá, 
Amazonas, Mato Grosso, Pará, Rondônia, Roraima, and part of Tocantins and Maranhão (Figure 
2). It accounts for one-third of the total global biodiversity (Albagli 2001; Ab'Saber 2002). 
The first collections of myxomycetes in Brazil date back to the nineteenth century from 
the Amazon domain by Montagne (1837) and Berkeley and Cooke (1876) (Lado & Basanta 
2008; Cavalcanti et al. 2014a). Subsequently, Huber in 1898-1900 and Ule in 1900-1902 
recorded 12 species from the states of Acre, Amazonas and Pará, representing the class 
Ceratiomycetes and six of the thirteen families currently recognized for the class: Didymiaceae, 
Physaraceae, Reticulariaceae, Stemonitidaceae and Trichiaceae (Jahn 1904; Torrend 1915; 
Leontyev et al. 2019). Specimens of myxomycetes were observed on litter, bark, succulent 
plants, bryophytes and fungus fruiting bodies. The exsiccates are deposited in the Paraense 
Emílio Goeldi Museum and in various foreign herbariums (e.g., British Museum) (Torrend 1915; 
Cavalcanti 1970).  
In 1904, Jahn described the genus Iocraterium having I. rubescens as the type [= 
Craterium paraguayense (Speg.) G. Lister] and Comatricha typhoides var. longipes [= 
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Stemonitopsis typhina (F. H. Wigg.) Nann.-Bremek.]. More than 80 years later, new records for 
the domain were documented in the states of Amazonas and Roraima (Farr 1985). Twenty-seven 
species were collected, distributed within 15 genera, sporulating on twigs, coarse wood debris, 
ground and aerial leaf litter, and lianas. The first record of the occurrence of Ceratiomyxa 
morchella A. L. Welden in Brazil is worth mentioning. 
Crane & Schoknecht (1982) reported the occurrence of a new fungus species 
(Acrodontium myxomyceticola Crane & Schok.) associated with Stemonitis fusca Roth sporangia, 
constituting the first record of myxomycetes for Boa Vista, the capital of Roraima. Studying the 
occurrence of macroscopic fungi found in Amazonian areas, Capelari & Maziero (1988) 
recorded the occurrence of Arcyria denudata (L.) Wettst., which was the first myxomycetes 
record for the state of Rondônia. 
Cavalcanti et al. (1999) collected data from the literature, material deposited in herbaria 
and collections made at the Maracá Ecological Station in Roraima, and reported the presence of 
28 species of myxomycetes for the state, comprising representatives from all subclasses and 
orders.  
Thus, it is possible to notice the scarcity of taxonomic research in this type of domain, 
and even with the addition of more recent studies, only 52 species (within five orders and 21 
genera) of myxomycetes are currently listed for the Amazon Rainforest domain (Cavalcanti 
2002; Cavalcanti et al. 2014a; Cavalcanti 2015).  
To date, no information has been published on the species of myxomycetes present in the 
state of Tocantins, and even though we have some knowledge on the species that occupy the 
state of Mato Grosso, all the data currently have been obtained from areas within the Cerrado, 
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also known as Central Brazilian Savanna — demonstrating clear evidence of the limited 
knowledge about the myxobiota of the country's largest phytogeographical domain. 
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Figure 2. Amazon Rainforest distributed over Acre, Amapá, Amazonas, Mato Grosso, Pará, 
Rondônia, Roraima, and part of Tocantins and Maranhão. 
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Caatinga  
Located in the middle of the subequatorial region, between the Amazon and the Atlantic 
Forest, the Caatinga is exclusive to Brazil. It occupies more than 10% of the Brazilian territory 
(844.453 km2) through the state of Ceará and more than half of Bahia, Paraíba, Pernambuco, 
Piauí and Rio Grande do Norte, almost half of Alagoas and Sergipe, as well as small portions of 
Maranhão and Minas Gerais (IBGE, 2004) (Figure 3).  
It is an incredibly complex region, with at least one hundred different types of unique 
landscapes, where the savannah type vegetation predominates; with ponds and temporary 
wetlands, mountains, and rivers (e.g, the San Francisco River) (Camargo 2002; Casteletti et al. 
2004; Guedes et al. 2014.) It is considered to be the richest semi-arid region in the world 
regarding biodiversity. Its landscape consists predominantly of branched and thorny shrubs, 
where the species of Fabaceae, Euphorbiaceae and Apocynaceae plant families stand out; 
moreover, many individuals from the Bromeliaceae and Cactaceae families are also abundant 
(Leal et al. 2005; Sabino et al. 2016; da Silva Brito et al. 2017).  
The first record of the presence of myxomycetes in the Caatinga domain ocurred in the 
state of Bahia, where Gottsberger (1968) recorded the presence of 12 species, most of them 
considered to be cosmopolitan. One species, Didymium bahiense Gottsb, was described as new 
to science, being found in other studies later and which came to be recognized as cosmopolitan 
as well. Twenty years later, Silva and Cavalcanti (1988) were the first to document the presence 
of myxomycetes in areas of Caatinga in Pernambuco. Their study was carried out in the 
municipalities of Bezerros, Brejo da Madre Deus, Caruaru, Inajá and Triunfo. During this 
research the presence of myxomycetes was verified in coarse woody debris, leaf litter, and the 
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cortex of living trees. Twenty-one species were recorded, belonging to both subclasses 
Lucisporomycetidae and Columellomycetidae and to eight orders. 
The first information about the myxobiota of the state of Ceará was documented by Alves 
& Cavalcanti (1996). They reported the presence of species of myxomycetes found on decaying 
organs of four different palm tree species: Acrocomia intumescens Drude (macaúba), Copernicea 
prunifera (MiII.) HE Moore (carnauba), Mauritia flexuosa Mart. (buriti) and Orbygnia phalerata 
Mart. (babassu) in the microregion of Cariri, municipality of Crato. The species found belong to 
the following genera: Ceratiomyxa (1 species), Cribraria (1species), Arcyria (1 species), 
Hemitrichia (1 species), Badhamia (1 species), Fuligo (1 species), Physarum (3 species), 
Stemonitis (2 species) and Stemonitopsis (1 species). Ceratiomyxa fruticulosa (Müll.) Macbr., 
Physarum stellatum (Mass.) Mart., Stemonitis pallida Wingate and Stemonitopsis typhina, were 
reported for the first time occupying this type of substrate (palm trees). 
Cavalcanti & Putzke (1998) complemented the inicial information about the myxobiota 
of Ceará, with a survey of the lignicolous and foliicolous myxomycetes present in areas of 
Caatinga in the municipality of Crato. The study increased the number of species of 
myxomycetes listed for the state to a total of 30; the authors observed the predominance of 
lignicolous species fruiting on coarse wood debris of dicotyledons (45%), followed by aerial 
litter (33%) and ground litter (22%). Nineteen species were added to the list of species of 
myxomycetes for the state with Arcyria magna var. rosea Rex cited as a new record for Brazil. 
Analyzing the living and dead organs of succulent plants of the families Cactaceae, 
Agavaceae, Bromeliaceae and Euphorbiaceae, in 12 municipalities in areas of Caatinga in 
Pernambuco, Souza (2003) increased knowledge about the Caatinga myxobiota by recording the 
presence of 20 species of myxomycetes, of which 17 were reported for the first time from this 
 	 67 
type of microhabitat (succulenticulous). Physarum straminipes Lister constituted the first record 
of this species for the Northeast region of Brazil and Trichia agaves (G. Moreno, Lizárraga & 
Illana) Mosquera, Lado, Estrada & Beltrán-Tej. was recorded for the first time in the country. 
Costa (2005) analyzed the richness, abundance, constancy and phenology of the species 
of myxomycetes in the Permanent Protection Area of Mata do Pau Ferro, in Paraíba. The author 
reported 753 specimens, corresponding to 48 species. The most frequent and abundant species 
were Hemitrichia calyculata (Speg.) M.L. Farr, H. serpula (Scop.) Rostaf. ex Lister, Arcyria 
cinerea (Bull.) Pers., A. denudata and Ceratiomyxa fruticulosa. Myxomycetes sporulated 
throughout the year; however, the assemblage of species observed in the study area presented a 
distinct variation among seasons (rainy and dry season). 
Gusmão et al. (2005) surveyed the fungi and myxomycetes present in several vegetation 
types within the Caatinga domain in the Bahia's national park of Chapada Diamantina. The study 
registered 27 species of myxomycetes, of which 12 constituted new records for the state, they 
were Badhamia affinis Rostaf., B. panicea (Fr.) Rostaf., Clastoderma debaryanum A. Blytt, 
Comatricha elegans (Racib.) Lister, Cribraria minutissima Schwein., C. tenella Schrad., C. 
violacea Rex, Echinostelium minutum de Bary, Enerthenema papillatum (Pers.) Rostaf., 
Hemitrichia minor G. Lister, Licea operculata (Wingate) G.W. Martin and Perichaena 
vermicularis (Schwein.) Rostaf. 
In an effort to characterize all the species of myxomycetes recognized for the Brazilian 
Caatinga, Cavalcanti et al. (2006a) carried out a detailed study in the states of Bahia, Ceará, 
Paraíba, Pernambuco and Piauí from material available in herbaria and the specialized literature 
(including monographs and abstracts presented at scientific conferences). The inventory resulted 
in a list of 95 species, about 35% of the total number of species currently known in the country 
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(Cavalcanti 2015). Thirty-two species were listed for the state of Bahia: Ceratiomycetes 
(Ceratiomyxa fruticulosa); Echinosteliales (Echinostelium minutum); Clatodermatales 
(Clastoderma debaryanum); Cribrariales (Cribraria minutissima; C. violacea;) Liceales (Licea 
operculata); Physarales [Didymium bahiense, D. difforme (Pers.) Gray, D. minus (Lister) 
Morgan, Badhamia affinis, B. panicea, Physarum album (Bull.) Chevall., P. bogoriense Racib., 
P. cinereum (Batsch) Pers., P. flavicomum Berk., P. javanicum Racib., P. polycephalum 
Schwein., and P. pusillum (Berk. & M.A. Curtis) G. Lister]; Stemonitidales [Comatricha 
elegans, C. pulchella (C. Bab.) Rostaf., Enerthenema papillatum, Stemonitis fusca]; and 
Trichiales [Arcyria cinerea, A. denudata, A. insignis Kalchbr. & Cooke, A. pomiformis (Leers) 
Rostaf., Hemitrichia calyculata, H. minor, H. serpula, Perichaena chrysosperma (Curr.) Lister, 
P. depressa Lib., and P. vermicularis]. 
Twenty-four species from five orders were listed for the state of Ceará: Ceratiomycetes 
(Ceratiomyxa fruticulosa); Liceales [Cribraria tenella, C. cancellata (Batsch) Nann.-Bremek., 
and Dictydiaethalium plumbeum (Schum.) Rostaf. ex Lister]; Trichiales (Arcyria cinerea, A. 
insignis, A. magna var. rosea, Hemitrichia calyculata, H. serpula, and Perichaena depressa); 
Physarales [Didymium difforme, D. iridis Fr., Badhamia affinis, B. macrocarpa (Ces.) Rostaf., 
Fuligo septica (L.) F. H. Wigg., Physarum album, P. compressum Alb. & Schwein., and P. 
stellatum]; and Stemonitidales [Stemonaria irregularis (Rex) Nann.-Bremek., R. Sharma & Y. 
Yamam., S. longa (Peck) Nann.-Bremek., R. Sharma & Y. Yamam., Stemonitopsis typhina, 
Stemonitis axifera (Bull.) T. Macbr., S. flavogenita E. Jahn, S. herbatica Perk., and S. pallida] 
(Cavalcanti et al. 2006a).  
For Pernambuco, 32 species from five orders were recorded: Cribrariales [Cribraria 
aurantiaca Schrad., C. cancellata, C. languescens Rex, C. microcarpa (Schrad.) Pers., C. 
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minutissima, and C. violacea]; Echinosteliales (Echinostelium minutum); Reticulariales [Tubifera 
microsperma (Berk. & M.A. Curtis) G.W. Martin]; Trichiales [Arcyria cinerea, A. denudata, 
Hemitrichia calyculata, H. serpula, Perichaena corticalis (Batsch.) Rostaf., P. depressa and 
Trichia agaves]; Physarales [Badhamia melanospora Speg., Fuligo septica, F. cinerea 
(Schwein.) Morgan, Physarella oblonga (Berk. & M.A. Curtis) Morgan, Physarum cinereum, P. 
compressum, P. didermoides (Pers.) Rostaf., P. gyrosum Rostaf., P. melleum (Berk. & Broome) 
Massee, P. nucleatum Rex, P. pusillum, P. viride (Bull.) Pers.]; and Stemonitidales (Stemonitis 
flavogenita, S. fusca, S. herbatica, S. smithii T. Macbr., S. splendens Rostaf.). 
Thirty-eight species were recorded for the state of Piauí, including members of the 
Ceratiomycetes (Ceratiomyxa fruticulosa); Clastodermatales (Clastoderma debaryanum); 
Liceales [Cribraria microcarpa, C. violacea, C. mirabilis (Rostaf.) Massee]; Trichiales [Arcyria 
carnea Schumach., A. cinerea, A. denudata, A. insignis, A. obvellata (Oeder.) Onsberg, 
Metatrichia vesparia (Batsch) Nann-Bremek., Perichaena chrysosperma, Trichia favoginea 
(Batsch) Pers.]; Physarales [Diachia bulbillosa (Berk. & Broome) Lister, D. leucopodia (Bull) 
Rostaf., Didymium bahiense var. microsporum Hochg., Gottsb. & Nann.-Bremek., D. clavus 
(Alb. & Schwein.) Rabenh., D. nigripes (Link) Fr., Craterium leucocephalum (Pers. ex J.F. 
Gmel.) Ditmar, C. paraguayense, Physarella oblonga, Physarum album, P. flavicomum, P. 
galbeum Wingate, P. melleum, P. nucleatum, P. stellatum, P. viride]; Stemonitidales 
(Comatricha elegans, C. laxa Rostaf., C. pulchella, Stemonitopsis typhina, Stemonitis 
flavogenita, S. fusca, S. nigrescens Rex, S. pallida, S. smithii, and S. splendens). Finally, among 
the 95 species reported by Cavalcanti et al. (2006a), only two species were cited for the state of 
Paraíba: Clastoderma debaryanum e Cribraria violacea. To date, they remain the only species 
cited for Paraíba’s Caatinga. 
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Jardim (2008) investigated the occurrence of myxomycetes in Caatinga areas in a 
transition zone (between Caatinga and Atlantic Rainforest), located in the Vale do Catimbau 
National Park, in Buíque –Pernambuco. The author recorded the occurrence of 48 species 
reporting the presence of Diderma cf. saundersii (Massee) Side, Trichia varia (Pers.) Pers. and 
Willkommlangea reticulata (Alb & Schwein.) Kuntze. as new records for Brazil. 
Cavalcanti et al. (2009) evaluated the distribution of species of the genus Diachea (D. 
bulbillosa, D. leucopodia, and D. silvaepluvialis) in northeastern Brazil from several herbaria 
(UFP, URM, UFBA, HUEFS, IPA e JPB). The authors analyzed collections made between 1995 
and 2008 in the states of Alagoas, Paraíba, Pernambuco, Rio Grande do Norte and Sergipe, and 
performed a comprehensive bibliographical search of the genus. The authors concluded that 25% 
of the known species of Diachea are represented in the Brazilian Northeastern region. However, 
only specimens of Diachea leucopodia and D. bulbillosa were collected in areas of Caatinga, 
more specifically in the municipality of Mirandiba. 
Agra (2009) analyzed the occurrence of myxomycetes in three types of 
microenvironments provided by the decomposed cladodes of 30 individuals of Pilosocereus 
gounellei (A. Weber ex K. Schum.) Bly. ex Rowl., in the municipality of Parnamirim, 
Pernambuco. After quantifying and identifying the specimens present in each 
microenvironmental condition, the author concluded that all morphotypes belonged to the genus 
Physarum (Physaraceae) and that the substrate and the different types of microenvironment were 
favorable for the development of myxomycetes, since there was no significant difference 
between occurrence and abundance of fruiting bodies. 
Medrado (2009) investigated the species of myxomycetes present in the feces of domestic 
and wild animals, collected in 13 municipalities located in the Caatinga of Pernambuco. The 
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author prepared 1,337 moist chamber cultures with material collected in the dry and rainy 
seasons during the years of 2007 and 2008. Plasmodia and/or fruiting bodies were observed in 
228 cultures, and 12 species were identified. The number of recorded specimens was higher in 
moist chambers with material collected during the rainy season. Positive cultures showed a 
greater incidence of species in the Trichiaceae (67%). Perichaena was the dominant genus, 
having P. taimyriensis Novozh. & Schnittler as a new reference for the Southern Hemisphere and 
Stemonaria irregularis, Stemonitopsis thyphina and Didymium serpula Fr. were designated as 
new records for this type of microhabitat (coprophilous). Diderma effusum (Schwein.) Morgan, 
Didymium serpula, Perichaena corticalis var. liceoides (Rostaf.) G. Lister and Stemonitopsis 
thyphina were recorded for the first time in the Caatinga domain. 
In the inventory of myxomycetes at the Serra da Capivara National Park in Piauí, Parente 
(2009) observed the occurrence of 24 new records of myxomycetes for the domain, among these 
the presence of Physarum rigidum (G. Lister) G. Lister is important to highlight because it was 
recorded for the first time in Caatinga. Considered to be a rare species for the country, previous 
records of this species showed its presence in the states of São Paulo, Pernambuco and Pará, 
restricted to areas of the Atlantic Rainforest and Cerrado (Parente et al. 2009). 
Costa et al. (2009) documented 11 new records of myxomycetes for the State of Paraíba: 
Cribraria mirabilis, Licea biforis Morgan, Dictydiaethalium plumbeum, Lycogala exiguum 
Morgan, Macbrideola scintillans H.C. Gilbert, Stemonaria longa, Stemonitis axifera, S. smithii, 
Metatrichia floriformis (Schwein.) Nann.-Bremek., Perichaena chrysosperma, and Trichia 
affinis de Bary. It is important to note that this was the first report for M. scintillans for Brazil 
and M. floriformis for the Northeast Region. 
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With the objective of increasing the knowledge about the myxobiota present in Ceará, 
Alves et al. (2010) conducted field studies between 2002-2007 in the north and northwest of the 
state. The study recorded the presence of 18 species in the Caatinga areas, thus broadening the 
knowledge about the myxomycetes known from Ceará. Considered to be cosmopolitan species, 
Arcyria denudata, Craterium leucocephalum, Badhamia panicea, B. melanospora, Didymium 
intermedium J. Schröt., Metatrichia vesparia, Physarum rigidum and P. tenerum Rex were 
recorded for the first time in the state. 
Xavier-Lima (2010) studied the ecological aspects of the myxomycetes present in the 
Caatinga in four distinct microhabitats, in the states of Alagoas, Paraíba, Pernambuco and 
Sergipe, from fruiting bodies collected in the field and from moist chambers cultures of cacti 
samples. The four microhabitats were represented by four vegetal species typically found in the 
Caatinga environment; they were facheiro (Pilosocereus pachycladus Ritter), xique-xique [P. 
gounellei (A. Weber ex K. Schum.) Bly. ex Rowl.], palma [Opuntia cochenillifera (L.) Mill.], 
and mandacaru (Cereus jamacaru P. DC.). The author obtained 249 specimens corresponding to 
15 species, of which 84% belong to the order Physarales; Badhamia melanospora, Didymium 
dubium Rostaf., Physarum compressum and P. pusillum were the most abundant species, 
accounting for 81% of all recorded samples.  
The author observed that while some species were common to all substrates, others 
displayed apparent substrate preferences. Arcyria cinerea, Licea succulenticola Mosquera, Lado, 
Estrada & Beltrán-Tej., L. tenera E. Jahn, Perichaena depressa, Physarum compressum and P. 
pusillum presented a preference to occupy the facheiro; Didymium anellus Morgan, D. dubium, 
Perichaena corticalis and Physarum cinereum in palma; Badhamia melanospora preferred 
mandacaru and Cribraria violacea demonstrated affinity to xique-xique. It was also possible to 
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recognize seasonality differences among the assemblage of species occupying each microhabitat. 
During the dry season the species within the order Physarales predominated, and in the rainy 
season, the myxobiota resembled that found in tropical rainforests. The Agavaceae constituted 
the most productive microhabitat, and the soil of this area presented a minor incidence of 
plasmodium forming units (Xavier-Lima 2010). 
Also investigating the occurrence of myxomycetes in cacti species (mandacaru, coroa de 
frade [Melocactus bahiensis (Britton et Rose) Luetzelb.], palma and xique-xique) in fragments of 
Caatinga in Pernambuco, Ferreira and Cavalcanti (2011) obtained 16 species from fruiting 
bodies collected in the field and material cultivated from moist chambers. All species were new 
records for the municipalities of Buíque, Serra Talhada and Mirandiba. Comatricha pulchella, 
Didymium nigripes and Physarum bogoriense were first mentioned for the Caatinga in the state 
of Pernambuco. Didymium squamulosum (Alb. & Schwein.) Fr. and Physarum echinosporum 
Lister constituted new references for this domain. 
Between 2006 and 2009, Ferreira (2011) surveyed areas of different biomes of the state 
of Pernambuco, including the Caatinga, where collections were made in the municipalities of 
Serra Talhada, Mirandiba and Catimbau. The author recorded a total of 1076 specimens 
representing 84 species: Ceratiomycetes (Ceratiomyxa, 2 species), Cribrariales (Cribraria, 7 
species), Reticulariales (Lycogala 2 species and Tubifera 1 species), Trichiales (Arcyria 8 
species, Hemitrichia 3 species, Metatrichia 2 species, Perichaena 4 species and Trichia 3 
species), Physarales (Badhamia 1 species, Craterium 3 species, Diachea  2 species, Diderma 7 
species, Didymium, 8 species, Fuligo 2 species, Physarella 1 species and Physarum 20 species) 
and Stemonitidales (Comatricha 2 species, Stemonitis 5 species and Stemonaria 1 species). 
Diatoma leucopodia was listed as a new record for the domain. 
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Costa et al. (2011) added six new species to the myxobiota of the Paraíba state. The 
authors cited the genus Fuligo and the species Diderma hemisphaericum (Bull.) Hornem., 
Didymium clavus, D. nigripes, Fuligo septica, Physarum echinosporum, P. pulcherrimum Berk. 
& Ravenel and P. viride for the first time in areas of Caatinga.   
With the purpose of increasing the knowledge about the Caatinga biodiversity and the 
distribution of myxomycetes in Pernambuco, Silva & Cavalcanti (2012) collected a total of 204 
specimens directly from the field, indicating the occurrence of 37 species, distributed in 17 
genera, seven families and seven orders. Cribraria cancellata, C. languescens, Fuligo 
megaspora Sturgis, Stemonitis fusca and Stemonitopisis subcaespitosa (Peck) Nann.-Bremek, 
were referred for the first time in Caatinga areas. It was the first time that Didymium perforatum 
Yamash. was listed to Brazil. 
In a review of the distribution of myxomycetes in the state of Alagoas, Bezerra et al. 
(2014) added Reticularia jurana Meyl. and Stemonaria longa to the list of myxomycetes present 
in the domain. Licea succulenticola was observed for the second time in Brazil. In the same year 
Cavalcanti et al. (2014b) reported of Oligonema flavidum (Peck) Peck to the Caatinga domain in 
Pernambuco, as part of a larger study about the order Trichiales in Brazil.  
Recently a list of myxomycetes species occurring in the Caatinga was compiled by 
Cavalcanti (2015), which supplemented by previous literature includes more than a hundred 
species of myxomycetes for the Caatinga domain, representing six orders and 28 genera. The 
data obtained from the available literature show that the myxobiota of the studied Caatinga areas, 
although scarce, is very diversified.  
In the past few decades, it is possible to observe an increase in the number of scientific 
inventories of the myxomycetes that occupy the Caatinga domain. They have revealed the 
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occurrence of a rich and diversified myxobiota. However, current research on some areas of 
Caatinga remain limited. Currently, there are still no available data on the assembly of species 
that occupy the Caatinga areas of Maranhão or Minas Gerais. 
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Figure 3. Caatinga domain spread throughout the states of Alagoas, Bahia, Ceará, Maranhão, 
Minas Gerais, Paraíba, Pernambuco, Piauí, Rio Grande do Norte and Sergipe. 
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Cerrado – Central Brazilian Savanna 
The Cerrado, also referred as Central Brazilian Savanna, covers an area of approximately 
2 million km2, 25% of the surface of Brazil (Batalha 2011). This phytogeographycal domain is 
considered one of the most biodiverse regions of the planet, it comprises the richest flora among 
the world's savannas (> 7,000 species), with a high level of endemism. It is the second largest 
domain of the country, it accounts for a third of the national biodiversity and 5% of the world's 
flora and fauna (Ab'Saber 2003).  
The climate of this region is seasonal, with a rainy season from October to March, 
followed by a dry period, from April to September. The average annual rainfall is 1,500 mm and 
the temperatures are generally mild throughout the year, between 22ºC and 27ºC on average 
(Eiten 1977; Klink & Machado 2005). The vegetation varies significantly with the presence of 
rural areas, forest beds, grasslands, forests and swamp areas coexisting in the same region (Pilon 
et al. 2017).  
The Cerrado occupies the most central part of the country, including the states of Goiás, 
Tocantins, Maranhão, Piauí, Bahia, Mato Grosso, Mato Grosso do Sul, Minas Gerais, São Paulo 
and the Federal District (Brasília, capital of Brazil) (Figure 4). 
The first records of myxomycetes from the Cerrado domain date from the second half of 
the 20th century, when Gottsberger (1968) described the new taxon Physarum alvoradianum 
Gottsb., collected in the area of Serra Geral de Alvorada do Norte, Goiás. Almost a decade later, 
Cavalcanti (1974a, 1977) compared the assemblage of corticicolous myxomycetes associated 
with areas of controlled burning areas and areas protected from fires for over 30 years. 
Cavalcanti (1974a, 1977) listed 26 species from two areas, with and without controlled fires, in 
the Cerrado of São Paulo. The Physaraceae was the most abundant family, the author attributed 
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this predominance to a calcium accumulation in the cortex of the trees examined; since the 
cerrado soil is known to be poor in calcium (Gargantini et al.1982). In both the samples collected 
directly in the field and those obtained by moist chamber culture, species richness was slightly 
higher in areas protected from fire. Among the species found, ten were common to both study 
areas, nine were restricted to areas without controlled burning, and seven were found only in the 
area exposed to the fires. The abundance of species for both areas was observed in the warmer 
and rainy months (November to February). During the coldest and driest quarter (August - 
October), no samples were obtained directly from the field, but fruiting bodies were obtained 
through cultivation in moist chambers from substrates collected during this period, except for 
those from the burned area in the month July. In a comparative study in preserved areas of 
rainforest and Cerrado in the municipality of Botucatu, state of São Paulo, Maimoni-Rodella & 
Gottsberger (1980) referred to 23 species, restricted mostly to fallen leaves, developed only from 
January to April. Among these Trichia contorta (Ditmar) Rost., considered to be a temperate-
climate species until then, constituted a new record for the tropics and Brazil. Two species (Licea 
sp. and Physarum sp. 2), would possibly represent new taxa for the group. 
Cavalcanti et al. (1982), verified the species cataloged in the UFP Herbarium collection, 
and cited the presence of Diderma deplanatum Fr. in areas of Cerrado in the state of Mato 
Grosso. In a more extensive work, based on collections carried out in five Conservation areas in 
Brasília – Federal District, Bezerra (2003) observed the presence of 43 new records for the 
Central-West region of Brazil, with the first records of Cribraria martinii Nann.-Bremek., 
Hemitrichia spinifera M. L. Farr and Diachea megalospora K. S. Thind & Manocha for the 
country.  
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Subsequently, Carvalho et al. (2011) and Araújo et al. (2012) expanded the number of 
species of myxomycetes known for the Central-West section of the country, especially the 
Cerrado region in Mato Grosso. The authors emphasized the prodominance of the order 
Physarales in this type of phytophysiognomy (Carvalho et al. 2011). Araújo et al. (2012) listed a 
total of nine species within the families Didymiaceae [Diderma effusum, D. hemisphaericum, D. 
saundersii, Diachea leucopodia, Didymium comatum (Lister) Nann.-Bremek. and D. flexuosum 
Yamash.] and Physaraceae [Craterium aureum (Schumach.) Rostaf., Physarum melleum and P. 
pusillum] associated with residues of Mangifera indica L. (Anacardiaceae); demonstrating for 
the first time that mango trees constitute a favorable substrate to the development and 
fructification of myxomycetes.  
Targeting specific taxonomic groups, Cavalcanti et al. (2014b) reported the genus 
Oligonema for the first time for the Cerrado in Mato Grosso, adding Oligonema schweinitzii 
(Berk.) G.W. Martin to the list of species that occupy the domain. Calaça and Araújo (2015) 
registered the first occurrence of Physarum notabile T. Macbr. in the domain, developing on live 
trunks of two plant species, lemon [Citrus limon (L.) Burm. f.] and acerola (Malphighia glabra 
L.), in urban areas (residential backyards) of the city of Anápolis, Goiás. 
Agra and Dianese (2016) analyzed 503 geo-referenced specimens, stored in the UB 
Herbarium Mycological Collection (Brasília University - UnB), collected between 2009 and 
2015 in the Federal District, whose records were not included in publications. The Federal 
District (DF), is the smallest federative unit of Brazil and is completely inserted in the Cerrado 
domain. The analysis of the exsiccate revealed an increase of more than 50% (35 species) in the 
number of species, expanding the number species listed for the Federal District to 65. Among 
them, the following taxa comprise new records for the Cerrado: Arcyria minuta Buchet, 
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Cribraria tenella, C. intricata Schrad., Perichaena quadrata T. Macbr, Physarum hongkongense 
Chao Chung, P. polycephalum, Trichia persimilis P.Karst. and Tubifera microsperma.  
So, taking into consideration the research discussed previously, detailed lists of species of 
myxomycetes already produced in the domain and the recent inclusion of Arcyria cerradensis 
Agra, L. H. Cavalcanti & Dianese, a new species of Arcyria from the Brazilian Cerrado; it is 
currently estimated that more than 100 species make up the myxobiota present in this 
phytogeographical domain (Cavalcanti 2015; Agra et al. 2018). This information is evidence of 
the importance of taxonomic inventories in the Cerrado for the expansion of the knowledge 
about the species of myxomycetes that occupy the Brazilian territory. 
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Figure 4. Cerrado domain covering the Federal District and four states of Central-Western Brazil 
(Goiás, Mato Grosso, and Mato Grosso do Sul) as well as Bahia, Maranhão, Minas Gerais, 
Paraná, Piauí, São Paulo, and Tocantins. 
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Atlantic Rainforest  
The Atlantic Rainforest is a complex and exuberant domain of great importance; it 
shelters significant portions of the biological diversity of Brazil. Located along the Brazilian 
coast (Figure 5), covering an area of approximately 1,306,000 km2, 16% of the Brazilian 
territory, this domain is distributed along 15 States: Rio Grande do Sul, Santa Catarina, Paraná, 
São Paulo, Goiás, Mato Grosso do Sul, Rio de Janeiro, Minas Gerais, Espírito Santo, Bahia, 
Alagoas, Sergipe, Paraíba, Pernambuco and Rio Grande do Norte (Tabarelli et al. 2005).  
According to Souza and Buckrige (2004), the Atlantic Rainforest is extremely relevant, 
not only because of the historical relationship with European colonization, but also because of its 
role in the national and international conservation landscape. The first urban centers in Brazil 
were established in this biome, where were later developed the main industrial centers and 
relevant Brazilian metropolises (e.g., São Paulo, Rio de Janeiro, Recife and Salvador), the 
occupation of these areas caused an enormous ecological pressure and, consequently, a more 
pronounced degradation in the Brazilian coast, when compared with other phytogeographic 
domains present in the country.  
The Atlantic Rainforest Domain spreads over almost all Brazilian coastal territory. The 
climatic variability is considerable, ranging from super-humid temperate climate in the southern 
end, to humid and tropical semi-arid in the northeast extension of the Atlantic Rainforest 
(Camargo et al. 2002; de Almeida 2016). Therefore, this domain is essentially constituted by 
vegetation mosaics; closer to the ocean are the 'restinga' plains, dunes, mangroves, lagoons and 
other estuaries. In the Southeast, the 'Serra do Mar' geographical formation in present, with an 
extensive forest vegetation. In the South and Southeast portion of the coast, the Lagoon of Patos 
and Mirim lagoons in Rio Grande do Sul and Lagamar de Cananéia in São Paulo stand out. 
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Although devastated, the Atlantic Forest still shelters a significant portion of Brazil's biological 
diversity, particularly regarding to its flora, with a high degree of endemism (Ribeiro et al. 
2009b).  
The first records on the assemblage of myxomycetes species occupying areas of Atlantic 
Rainforest in Brazil were published at the end of the 19th century. Spegazzini (1889) described 
the new species Chondrioderma puiggarii, collected by J. Puiggari on live specimens of 
Leucobryum sp. (Bryophyta) in areas of Atlantic Rainforest near Apiaí in the state of São Paulo; 
this species today is a synonym of Diderma simplex (J. Schröt.) G. Lister, described by Lister 
(1925), who, however, in his monograph restricted its occurrence to the South of Chile in South 
America. 
Many of the authors who published the first reports about the Brazilian myxomycetes 
received the material donated by others, such as Bresadola (1896), for example, who published 
the fungi of southern Brazil collected by A. Möller. Similarly, the earliest studies in the country, 
published by Hennings (1896) and Jahn (1902) that registered the presence of 43 species of 
myxomycetes in the state of Santa Catarina, were based on material collected in the expeditions 
of A. Möller, J. Huber and E. Ule to an area of the Atlantic Rainforest in the municipalities of 
Blumenau, Joinville, Itajaí, and Tubarão.  
In the early years of the 20th century, E. Ule collected in the Itatiaia National Park, south 
of Rio de Janeiro, resulting in the first record of Leocarpus fragilis (Dicks.) Rostaf. for Brazil 
(Putzke 1996, Cavalcanti 2015).  Torrend (1915) listed twenty-two species of myxomycetes for 
the state of Rio de Janeiro, distributed in 6 families: Cribrariaceae (3 species), Didymiaceae (2 
species), Reticulariaceae (3 species), Physaraceae (6 species), Stemonitidaceae (2 species) and 
Trichiaceae (7 species). The author highlighted the presence Didymium intermedium J. Schrot. in 
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areas of rainforest in Santa Catarina; and the first records on myxomycetes occurring in Rio 
Grande do Sul, with the description of Ceratiomyxa fruticulosa, Physarum polycephalum and P. 
pezizoideum (Jungh.) Pavill. & Lagarde. Torrend (1915) is also responsible for the first studies 
on the myxobiota of northeastern Brazil, in his list he mentions three species collected in areas of 
Atlantic Rainforest in Bahia. 
Much of the research on myxomycetes carried out in Brazil is concentrated in the state of 
Pernambuco, where Batista (1949) was the precursor. In his work, Hemitrichia serpula, 
Stemonitis pallida and S. confluens Cooke & Ellis [= Symphytocarpus confluens (Cooke & Ellis) 
Ing & Nann.- Bremek.] were found in the Mata de Dois Irmãos Ecological Reserve, in the 
municipality of Recife. 
After a visit to the former Institute of Mycology, in Recife - Pernambuco, M. L. Farr 
described two new species of myxomycetes. These were Arcyria corymbosa Farr and Stemonitis 
brasiliensis Farr & Martin [= Stemonitis mussooriensis G.W.Martin et al.] (Farr & Martin 1958). 
Around the same time, the author reviewed the materials of the Herbarium of the Federal 
University of Pernambuco (URM), where almost all the myxomycetes collected by C. Torrend in 
Brazil were deposited (Farr 1960).  
The material studied by these researchers in its almost totality, is deposited in large 
foreign herbaria, such as the British Museum, with some specimens and duplicates in the Museu 
Paraense Emílio Goeldi (MPG) and the mycological herbarium URM (Cavalcanti 1970; Agra 
2007). 
Following the previous studies of the myxomycetes in Atlantic Rainforest in the state of 
Pernambuco, Mariz and Cavalcanti (1970) listed five species of myxomycetes in the Mata de 
Dois Irmãos Ecological Reserve, increasing the known distribution for the genus Trichia Haller. 
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In the Southeastern region of Brazil, São Paulo stands out considering to the number of 
taxonomic inventories about the species of myxomycetes. Gottsberger (1971), carried out the 
first ecological study in the state. In this study, nine suculenticolous species (Bromeliaceae) were 
described for the state.  
The author also reported the first and only inventory of the myxobiota present in 
fragments of the Atlantic Forest located in Espirito Santo. Gottsberger (1971) highlighted 
Physarum bethelii T. Macbr., P. album and Diderma effusum, recorded for the first time 
sporulating in Bromeliaceae. It is important to note that the Espirito Santo myxobiota remains 
practically unknown in view of the number of species registered for this state, which has 11% of 
its territory covered by the Atlantic Rainforest. Moreover, among the species listed by 
Gottsberger (1971), Physarum globuliferum (Bull.) Pers. was listed for the first time in Brazil, 
Trichia botrytis (J.F. Gmel.) Pers. as a new record for South America and Badhamia calcaripes 
Gottsb. as a new species for science. 
Gottsberger and Nannenga-Bremekamp (1971) collected and described Didymium 
aquatile Gottsb. & Nann.-Bremek., a new species in the Didymiaceae, in the municipality of 
Botucatu, São Paulo; to the present day, this species is only known in the locality type. 
With the objective of increasing knowledge about the local myxobiota in Pernambuco, 
Cavalcanti (1974b) published new records of myxomycetes in two conservation areas in the state 
(the Macaxeira and Dois Irmãos Ecological Reserve), adding 20 species and two genera (Licea 
Schrad and Dictydiaethalium Rostaf.) to the list of taxa present in Pernambuco’s Atlantic 
Rainforest. 
Cavalcanti (1976) carry out a survey of the myxomycetes previously recorded for 
Pernambuco, adding a new genus (Diachea Fr.) and seven new references for the region, of 
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which Didymium squamulosum and Physarum fulgens Pat. were found for the first time in the 
Atlantic Rainforest domain. 
A few years later, Maimoni-Rodella and Gottsberger (1980), carried out a comparative 
study between myxomycetes of Atlantic Forest and Cerrado in Botucatu, São Paulo, and 
obtained a total of 34 species of which 20 were present in Atlantic Rainforest. As results of this 
study, the authors added four new species to Brazil and one to the Neotropics. In its analyzes it 
was possible to observe that the rainforests myxobiota has a clear preference for coarse wood 
debris as substrate and that the greatest abundance of fruiting bodies was observed during the 
rainy season (from June to August). 
After 12 months of systematic collections in the Mata de Dois Irmãos Ecological 
Reserve, Pôrto (1982) recorded 70 species, with predominance of the families Trichiaceae, 
Physaraceae and Stemonitidaceae. The author also reviewed collections from the IPA, URM and 
UFP Herbaria, collected from the same Ecological Reserve, between 1948 and 1980. The 
analysis resulted in the identification 105 species, representing all subclasses and orders of 
myxomycetes and indicated new records for Pernambuco, Brazil and South America.  
Using the same data, Pôrto and Cavalcanti (1984) commented that plasmodia were scarce 
or null in the driest months, when sclerotia were present, although fruiting bodies were found in 
all months of the year. Among the main climatic factors, rainfall appeared to play an important 
role in the diversity and annual distribution of the species observed in the field; the temperature 
and relative humidity did not show great oscillations throughout the year, maintaining optimal 
levels for the development of these organisms. The previous data also resulted in a specific 
analysis of the ecology and distribution of  the genus Arcyria, which is very well represented in 
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the study area, it was evident that the rainfall influenced the richness and abundance of the 
species of this group (Pôrto & Cavalcanti 1986). 
Rodrigues (1985) analyzed the collection of myxomycetes of the Herbarium RB, of the 
Botanical Garden of Rio de Janeiro, and listed five more species present in the state: Arcyria 
ferruginea Saut, Hemitrichia calyculata, Physarum auriscalpium Cooke, Stemonitis axifera and 
S. fusca. 
The first inventories regarding the myxomycetes in the state of Paraíba were carried out 
in the 1980's in the Atlantic Forest Conservation Unit Mata do Buraquinho, located in the 
municipality of João Pessoa. Cavalcanti and Araújo (1985), Cavalcanti and Marinho (1985), 
Cavalcanti and Oliveira (1985), and Cavalcanti and Silva (1985) identified 23 species, 
distributed in 14 genera belonging to the families Cribrariaceae, Didymiaceae, Physaraceae, 
Reticulariaceae, Stemonitidaceae and Trichiaceae, distributed in three ecological groups 
(lignicolous, foliicolous and corticicolous), with the predominance of lignicolous species. 
Hochgesand et al. (1989) described Didymium columella-cavum Hochg., Gottsb. & 
Nann.-Bremek. and Didymium bahiense var. microsporum Hochg., Gottsb. & Nann.-Bremek. as 
two new taxa, collected in the Araucaria Forest environment in São Paulo. The Araucaria Forest 
is an ecosystem within the Atlantic Rainforest domain characterized by the presence of 
Araucaria angustifolia (Bertol.) Kuntze (pine-do-paraná or araucaria). It occurs in the southern 
portion of Brazil, extending through the states of Paraná, Santa Catarina and Rio Grande do Sul 
and in sparse spots in São Paulo and Minas Gerais (Schumacher et al. 2004).  
Rodrigues and Guerreiro (1990) provided information about the myxobiota of a tropical 
forest in rainforest areas located in Morro Santana, in the municipality of Porto Alegre, Rio 
Grande do Sul.  Thirty-four species were described in the Ceratiomycetes, Didymiaceae, 
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Trichiaceae, Reticulariaceae and Stemonitidaceae. All species found were considered new 
records for the state of Rio Grande do Sul. 
Gottsberger et al. (1992), in a research done in areas of Atlantic Forest in the state of 
Paraná, listed 30 species of myxomycetes, representing the subclasses Myxogastromycetidae and 
Stemonitomycetidae and the orders Liceales, Cribrariales, Physarales, Reticulariales, Trichiales 
and Stemonitidales. When considering the microhabitats mentioned by the authors, the 
lignicolous predominated (trunks of dead Araucaria and Pinus), the authors also mention 
suculenticolous (Bromeliaceae, Cactaceae), foliicolous (ground litter and aerial litter) and 
myceticolous (basidiomata) species. 
In a small study about the myxobiota present in the Recife Botanical Garden in 
Pernambuco, Cavalcanti et al. (1993) analyzed the incidence of myxomycetes of the necromass 
of leaves, branches, flowers, fruits and seeds during the rainy season in the state (from June to 
August). The authors observed that some species have a preference for certain substrates, for 
instance, the families Reticulariaceae, Cribrariaceae, Trichiaceae occurred only in branches, 
while the Physaraceae, Didymiaceae and Stemonitidaceae predominated on leaves, being rare in 
branches and fruits. Lamproderma scintillans and Craterium paraguayense were among the most 
frequent species observed mostly on leaves and fruits. 
Cavalcanti and Fortes (1994, 1995) presented a review of the knowledge about the 
myxobiota of Santa Catarina. This particular study added ten species of myxomycetes distributed 
in six families: Clastodermataceae (1 species), Cribrariaceae (1 species), Liceaceae (1 species), 
Physaraceae (1 species), Trichiaceae (3 species) and Stemonitidaceae (3 species); seven species 
constituted new references for Santa Catarina and Perichaena chrysosperma, Licea biforis, 
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Lycogala exiguum, Stemonitis axifera, and Stemonitis smithii new records for the southern region 
of Brazil. 
Hochgesand and Gottsberger (1996) published an extensive list of myxomycetes species 
where they commented on the literature from the last decades of the 19th century in different 
municipalities of São Paulo. Twenty-eight new records were cited for the state and five for 
Brazil. Among the new citations, Calomyxa metallica (Berk.) Nieuwl. still remains the only 
record of this species for Brazil and Arcyriatella congregata Hochg. & Gottsb. was described as 
a new genus and species for science. The authors compiled the data available from 1889 and 
1980, including all material from the first author's doctoral thesis, and collected by the second 
author during his visit to southeastern Brazil.  
Resuming the studies on the myxobiota of Bahia initiated by Torrend (1915), Góes Neto 
(1996) recorded six species of myxomycetes and 24 macroscopic fungi (Ascomycetes and 
Basidiomycetes) in the Reserve of Una, in Bahia. 
Rizzuto (1997) carried out a survey of the species belonging to the order Stemonitidales 
occurring in the Gurjaú Ecological Reserve (Cabo de Santo Agostinho), located in the Endemism 
Center of Pernambuco. Frequency, constancy, abundance and seasonality analyzes of the species 
were applied for a comparison between plots examined in a moisture gradient. The author reports 
the presence of 14 species in the Stemonitidales and Physarales, distributed in the genera 
Comatricha, Lamproderma, and Stemonitis. 
The first list of species of myxomycetes registered for the state on Rio Grande do Norte 
was published by Cavalcanti (2002), in a short review the author recorded the presence of 11 
species, distributed in eight genera and six families, collected in the Dunas State Park, located in 
the urban area of Natal, capital of the state. 
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After an extensive survey at the Una Biological Reserve, in the Serra da Jibóia and in 
Salvador – Bahia; Góes Neto and Cavalcanti (2002), published a critical analysis of the diversity 
of myxomycetes in the state. The authors provided more recent information on the distribution of 
63 species of myxomycetes collected between 1913 and 2000. 
Aiming to increase the knowledge about the species of myxomycetes that occur in the 
state of Piauí, Ponte et al. (2003) carried out extensive inventory of the myxomycetes species 
present in the Teresina Zoobotanical Park. Fruiting bodies were observed on trunks (live or 
dead), leaves, inflorescences and fallen fruits. 
Bezerra (2005) reported the first records on the distribution and composition of the 
Atlantic Forest myxobiota present in the state of Sergipe. The collections were made in the Serra 
de Itabaiana National Park. Based on material collected in the field and obtained by moist 
chamber cultures, 46 species of myxomycetes were recorded for the state of Sergipe. Nineteen 
species were identified of which Cribraria cancellata, Lycogala exiguum, Craterium aureum, 
Physarum bogoriense and P. pusillum were referred for the first time in the Piauí. 
The knowledge about the myxobiota of Atlantic Rainforest located in Alagoas is recent 
and scarce. It is based on a unique inventory done by Cavalcanti et al. (2006a) in the 
municipalities of Ibateguara and São José da Laje. The inventory listed the families Physaraceae 
(10 species), Trichiaceae (5 species) and Cribrariaceae (7 species), and the authors highlighted 
the presence of Lycogala conicum Pers., considered to be rare in Brazil. As part of the same 
project, Cavalcanti et al. (2006b) surveyed of the myxobiota of the Ecological Reserve of Gurjaú 
located in Cabo de Santo Agostinho, and in the Private Reserve of the National Patrimony Frei 
Caneca, located in the municipality of Jaqueira, both located in Pernambuco. Forty-six species of 
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myxomycetes were recorded for both areas, where Echinostelium minutum was observed for the 
first time in the Atlantic Rainforest. 
Parente (2006) carried out inventories of myxomycetes in floral parts of tropical plants, 
specifically in the Heliconiaceae (Zingiberales), in two fragments of Atlantic Rainforest in 
Pernambuco and two in Paraíba. The author verified that there is a stable and specific 
assemblage of myxomycetes species associated with the floral parts of Heliconia sp.; Physarum 
compressum and Arcyria cinerea were the most abundant species among the floricolous 
myxomycetes observed in all four areas. 
Rufino and Cavalcanti (2007) analyzed the changes in the composition, abundance and 
diversity of myxomycetes species in the Mata de Dois Irmãos Ecological Reserve over two 
decades. The authors indicated that lignicolous myxomycetes were negatively affected by 
changes in the environment and that Alwisia bombarda Berk. & Broome, which used to be rare 
in the area, was abundant and very frequent, appearing to be well adapted to areas affected by 
deforestation and human activity. 
Bezerra et al. (2007) recorded five genera, belonging to the families Cribrariaceae (6 
species), Liceaceae (1 species) and Reticulariaceae (8 species). All taxa were cited as new 
records for the state of Sergipe. Tubifera dimorphoteca Nann.-Bremek. & Loer. was first 
mentioned for Brazil. 
Thirty-two species of myxomycetes were cited by Bezerra (2008) based on collections at 
the Dunas de Natal State Park, in Rio Grande do Norte; among them, 24 constituted new records 
for the state, including the record of Paradiacheopsis longipes Hoof & Nann.-Bremek., a new 
occurrence for Brazil and the second record of this species for the Neotropical Region (Bezerra 
& Cavalcanti 2009). Bezerra (2008) also presented a list of 41 species collected in the Mata 
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Estrela Natural Heritage Private Reserve in Rio Grande do Norte, in which Craterium 
paraguayense, Cribraria argillacea (Pers. Ex JF Gmel.) Pers., C. cancellata, C. intricata, 
Physarum bivalve Pers., P. flavicomum, Physarella oblonga, Stemonitis virginiensis Rex, 
Stemonaria longa, and Trichia favoginea were new records for the state and Clastoderma 
pachypus Nann.-Bremek. new record for Brazil. As part of the same project, Bezerra and 
Cavalcanti (2010) described Diderma albo-columella A.C.C. Bezerra & L.H. Cavalc. as a new 
species of Diderma (Physarales, Didymiaceae). 
Bezerra et al. (2008a) listed seven species in the Didymiaceae and 24 species in the 
Physaraceae for the state of Sergipe. The most frequent and abundant species were Physarum 
viride, P. stellatum, P. cinereum, and Craterium paraguayense.  Diachea silvaepluvialis M.L. 
Farr, Diderma rugosum (Rex) T. Macbr., Didymium dubium Rostaf. and Physarum 
pulcherrimum, were recorded for the first time for the country. In the same year, Bezerra et al. 
(2008b) recorded ten species that constitute the first references to coprophilous myxomycetes in 
Brazil, sporulating on rabbit (Sylvilagus brasiliensis L.) and horse dung (Equus caballus L.). 
Cribraria cancellata, C. microcarpa, Metatrichia vesparia and Physarum roseum Berk. & 
Broome were recorded for the first time as coprophilous species. 
Costa et al. (2009) surveyed the myxobiota of fragments of Atlantic Rainforest located in 
Paraíba (the Permanent Preservation Area of Mata do Pau Ferro); among the species identified, 
11 were new records for the state: Cribraria mirabilis, Licea biforis, Dictydiaethalium 
plumbeum, Lycogala exiguum, Macbrideola scintillans, Stemonaria longa, Stemonitis axifera, S. 
smithi, Metatrichia floriformis, Perichaena chrysosperma, and Trichia affinis. Macbrideola 
scintillans was listed for the first time for Brazil and Metatrichia floriformis for the Northeastern 
Region. 
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Ferreira and Cavalcanti (2010), recorded the presence of Arcyria cinerea, Craterium 
leucocephalum, C. paraguayense, Cribraria intricata, Diachea silvaepluvialis, Hemitrichia 
serpula, Physarum compressum, P. nucleatum, Stemonitis fusca and Trichia affinis on dead parts 
of members of the Bromelioideae and Tillandsioideae, located in areas of Atlantic Rainforest 
located in the Center of Endemism of Pernambuco. 
Coelho (2010) described the assemblage of species present in four remnants of Atlantic 
Rainforest located on the coastal and continental areas of Pernambuco, at different conservation 
levels. Sixty-three species were identified, distributed in 28 genera and nine families. 
Physaraceae, Trichiaceae and Stemonitidaceae were characterized by the highest species 
richness, and the most abundant families were the Trichiaceae and Cribrariaceae, which together 
corresponded to 59.5% of the total of specimens found in the four areas. The results indicated 
that there was no correlation between the conservation status and the composition and constancy 
of the myxobiota of the four reserves, although a clear difference in species abundance was 
verified. 
Coelho and Cavalcanti (2010) carried out an ecological analysis of the taxonomic groups 
of myxomycetes present in two areas of environmental preservation areas in different 
conservation status in Pernambuco. The research in both areas indicated that some species, such 
as Arcyria cinerea and Hemitrichia serpula, appeared to occur in any terrestrial environment 
where organic material are present, while others, such as Physarum nicaraguense T. Macbr. and 
Arcyria magna Rex were considered rare. Both areas presented a good taxonomic diversity, with 
a greater number of rare or accidental species registered in the Carnijó Ecological Reserve, 
which wad in a better conservation state. Lignicolous species prevailed, demonstrating the clear 
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preference of myxomycetes for coarse wood debris. Moreover, it was possible to observe a 
possible influence of the wind in the myxomycetes dispersion. 
Due to the critical state in which many of the remnants of the Atlantic Rainforest, such as 
the ones located in Northeastern Brazil, Lemos (2010) verified the influence of the edge effect on 
population and community structure on the species of Reticulariaceae. The analysis was based on 
material collected in the field, analysis of exsiccates deposited in herbaria and the literature. The 
presence of the Reticulariaceae was recorded in 35 remnants of Atlantic Rainforest, located in 15 
municipalities in the states of Alagoas, Pernambuco, Paraíba and Rio Grande do Norte. The 
authors identified nine species distributed in four genera. Among them, Tubifera dimorphoteca 
and Reticularia jurana were suggested for inclusion in the Red List of species as vulnerable, 
considering its rare and restricted distribution in highly threatened environments by 
deforestation, and classified as extremely important for high biological conservation. 
Lemos et al. (2010) were the first to investigate the relationship between myxomycetes 
and staphylinids beetles (Coleoptera: Staphylinidae) in an Atlantic Rainforest remnant of 
Pernambuco, recorded for the first time in this type of forest. The authors observed the presence 
of individuals of Baeocera on the fruiting bodies of four species of Trichiales (Arcyria cinerea, 
Arcyria denudata, Hemitrichia calyculata, Hemitrichia serpula) and two species of 
Reticulariales (Lycogala epidendrum, Tubifera microsperma). No seasonal influence or species 
preference was found for the establishment of these associations. 
Xavier-Lima (2013) analyzed the influence of environmental variables on the occurrence 
of lignicolous mixomycetes in the Atlantic Rainforest of Pernambuco. The author observed the 
communities of myxomycetes present on 84 dead tree trunks and their characteristics, including: 
decomposition status, water absorption capacity, wood hardness, diameter, fungus and moss 
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cover, contact with soil, and exposure to the sun. The average air temperature and rainfall were 
also considered in the study. A total of 46 species of myxomycetes were found, with Fuligo 
aurea (Penz.) Y. Yamam. being a new record for the Neotropics, Metatrichia horrida Ing for 
Brazil and Cribraria mirabilis and Didymium verrucosporum A.L. Welden for Pernambuco. 
Through multivariate analyzes it was inferred that the pH and decomposition were the most 
important variables for the occurrence of the species and that meteorological conditions were 
secondary. 
Protazio (2014), analyzed samples of myxomycetes from coarse wood debris, bark of 
living trees and ground and aerial litter from the Biological Reserve of Guaribas, Paraíba. From a 
total of 148 specimens obtained, 31 species were identified. Increasing knowledge about the 
geographical distribution of myxomycetes in Brazil. Thirteen species are new records for 
Paraíba, of which new records for Brazil are also listed: Perichaena vermicularis var. 
microspore and Comathicha pulchelloides Nann.-Bremek. 
Continuing the research carried out in the state of Paraíba, Costa et al. (2014) analyzed 
the species richness, abundance, constancy and phenology of myxomycetes within the Pau-Ferro 
Forest Environmentally Protected Area. Not surprisingly Hemitrichia calyculata, H. serpula, 
Arcyria cinerea, A. denudata and Ceratiomyxa fruticulosa were the most constant and abundant 
species, since these species are commonly and abundantly found in Atlantic Rainforest. The 
authors also discussed that even though the myxomycetes sporulated throughout the year, some 
species appeared to have well-defined sporulation seasons. 
Bezerra et al. (2014) reviewed the distribution of myxomycetes in the state of Alagoas, 
this study was the first to record species of Didymiaceae and the genus Badhamia, Comatricha, 
Perichaena, Reticularia and Stemonaria for Alagoas. The author investigated potential 
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microhabitats for myxomycete sporulation, such as coarse wood debris and species in the 
families Cactaceae, Agavaceae and Bromeliaceae. They also presented a list of myxomycetes 
species observed in the state of Alagoas, compiled using the literature, herbarium material (UFP) 
and specimens collected in the study. 
Barbosa (2016) and Barbosa et al. (2016) presented a list of corticicolous myxomycetes 
and the factors that regulate their presence and distribution in the municipalities of Rio Formoso, 
Bezerros and Sanharó, in Pernambuco. In this study, it was not possible to observe any 
preference by zones or faces of exposure (north, south, east, west) in the trunks. However, pH, 
trunk diameter and presence of lichens appeared to influence the distribution of myxomycetes 
species. Cribraria violacea, C. confusa, Licea erecta K.S.Thind & Dhillon, Perichaena 
chrysosperma and P. depressa were the most frequent and abundant species. Licea capitatoides 
Nann, -Bremek et Y. Yamam was recorded for the first time in the Neotropics and L. scyphoides 
Brooks & Keller in Brazil. 
As shown in the review presented here and the inclusion of more recent taxonomic 
surveys, it is possible to observe that the Atlantic Rainforest domain is, by far, the best known 
domain when it comes to the distribution of species of myxomycetes present in Brazil 
(Cavalcanti et al. 2014b, 2014c, 2015; De Lima & Cavalcanti 2015; Cavalcanti 2015; Cavalcanti 
et al. 2016a). 
Currently, it is estimated that approximately 230 species of myxomycetes are listed for 
this domain (circa 23% of the total number of species described for the group). However, despite 
the constant efforts of several researchers and due to the vast territorial extension occupied by 
the domain, the information about the Atlantic Rainforest myxobiota is still scarce and much of 
the vegetation cover remains unexplored. 
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Figure 4. Atlantic Rainforest domain covering 15 states: Rio Grande do Sul, Santa Catarina, 
Paraná, São Paulo, Goiás, Mato Grosso do Sul, Rio de Janeiro, Minas Gerais, Espírito Santo, 
Bahia, Alagoas, Sergipe, Paraíba, Pernambuco and Rio Grande do Norte. 
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Mangrove Forests 
The mangrove is a coastal ecosystem that transitions between the terrestrial and marine 
environments, where the river meets sea water, characteristic of tropical and subtropical regions, 
this environment is subject to the tidal regime (Schaeffer-Novelli et al. 2000). About a quarter of 
the world's coast is dominated by mangroves, an area of approximately 137,760 km2, distributed 
throughout the world in 118 countries (Alongi 2009). Brazil has one of the largest extensions of 
mangroves in the world, extending from the North Region, in the State of Amapá, to the South 
Region, in the State of Santa Catarina (Giri et al. 2011) (Figure 5). 
Its phanerogamic flora consists of few families and genera, whose species have 
morphological, physiological and ecological adaptations that allow them to live under conditions 
of high salinity, extreme tides, strong winds, high temperatures and anaerobic soils (Kathiresan 
& Bingham 2001). According to Schuler et al. (2000), the mangrove forests of Brazil are 
composed mainly by three genera: Rhizophora (Rhizophoraceae), Avicennia (Avicenniaceae) 
and Laguncularia (Combretaceae). It is also possible to find representatives of the genus 
Conocarpus (Combretaceae); likewise, other species of plants can be observed in association 
with the mangrove, such as Acrosticum (mangrove fern) and Hybiscus (mangrove swamp), 
species of epiphytes and grasses may also be found in this environment (Schaeffer-Novelli et al. 
2000).  
Mangroves are highly important ecosystems, providing shelter and food for various 
species of organisms (e.g., mammals, birds, reptiles, fish, mollusks, insects and microorganisms), 
those can remain in the ecosystem all their lives as residents, as regular or opportunistic visitors. 
In addition, they play another important role in storing water and promoting flood protection in 
coastal areas (Soares & Schaeffer-Novelli 2005). 
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The first article that reports the presence of the myxomycetes to the mangrove 
environment was published by Kohlmeyer (1969). The main objective of his study was to 
observe the relationships between the marine and terrestrial fungi with the mangrove trees used 
by them as hosts. Among the fungal species Kohlmeyer (1969), reported the occurrence of 
Arcyria cinerea to the Oahu mangrove, in Hawaii, collected on a dead branch of Rizophora 
mangle L,. also referred as red mangrove. 
In Brazil few studies have been done directed towards the myxomycetes present in 
mangroves; Bezerra et al. (1999) were the first to mention the presence of these organisms in the 
Santa Isabel Biological Reserve, in Pacatuba (Sergipe).  The six species recorded, prevenient 
from moist chamber cultures of R. mangle and Laguncularia racemosa (L.) Gaertn., belong to 
the Liceaceae (Licea sp.), Echinosteliaceae (Echinostelium sp.), Physaraceae (Badhamia sp.), 
Trichiaceae (Arcyria sp. and Perichaena depressa) and Stemonitidaceae (Comatricha sp.).  
A year later, Cavalcanti et al. (2000) reported the presence of 10 species of 
myxomycetes, collected in the field and cultivated in moist chambers assembled with bark of L. 
racemosa and R. mangle from the North (Amapá and Pará) and Northeastern regions 
(Pernambuco) of the country. The author reported the presence of the subclass 
Stemonitomycetidae, with its unique family Stemonitidaceae, represented by a single species 
[Collaria arcyrionema (Rostaf.) Nann.-Bremek.], and the Myxogastromycetidae, represented by 
the families Dydimiaceae (Diachea leucopodia and Didymium clavus), Echinosteliaceae 
(Echinostelium aff. colliculosum K. D. Whitney & H.W. Keller and Echinostelium sp.), 
Liceaceae (Licea kleistobolus Martin), and Trichiaceae (Arcyria pomiformis, A. denudata, 
Hemitrichia serpula and Perichaena depressa).  
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Between May of 2005 and August of 2006 Trierveiler-Pereira et al. (2008) investigated 
the xylophilous fungi associated with mangrove of the island Santa Catarina, in the state of Santa 
Catarina. Among the collected specimens, the authors identified Physarum pezizoideum, 
Stemonitis fusca and S. splendens on Avicennia shaueriana Stapf. & Leechm. ex Moldenke.  
Damasceno et al. (2009, 2011) described 11 species of myxomycetes recorded in 
mangroves located in Northeastern Brazil: Collaria arcyrionema, Comatricha pulchella, 
Macbrideola scintillans ̧ Stemonaria fuscoides Nann.-Brem. & Y. Yamam., S. irregularis, 
Stemonitis flavogenita, S. fusca, S. herbatica, S. splendens, S. virginiensis and Stemonitopsis 
reticulata (H. C. Gilbert) Nann.-Bremek. & Y. Yamam. S. fuscoides was reported for the first 
time in Brazil and for the neotropics in the mangrove environment. 
Agra et al. (2010, 2015) listed eleven species of myxomycetes in areas of mangrove in 
the state of Maranhão, Northeast region of Brazil. Among them, Cribraria violacea, Comatricha 
tenerrima (M.A.Curtis) G.Lister, Echinostelium minutum, and Fuligo septica represent new 
worldwide records from mangrove environments, and Oligonema flavidum was reported for the 
first time from Brazil (Cavalcanti et al. 2014b). 
Cavalcanti et al. (2014d) investigated the occurrence of myxomycetes associated with 
Conocarpus erectus L. (Combretaceae) along the southern coast of the state of Pernambuco. 
Twenty species of myxomycetes were identified; among them, Clastoderma debaryanum, 
Cribraria confusa, Hemitrichia calyculata, Physarum auriscalpium, P. echinosporum, and P. 
roseum represent ed new records for mangrove environments. Nearly half of the species recorded 
in this study were determined to be rare, while approximately 25% were considered as 
infrequent. Within the investigated microhabitats, aerial litter was the most productive, followed 
by the bark of living trees. Stemonitis fusca and Diachea leucopodia were the most frequent 
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species. However, S. fusca was the only species present in all microhabitats, sporulating more 
frequently in aerial litter. 
Cavalcanti et al. (2016b) examined the myxobiota associated with species of Rhizophora 
mangle, Laguncularia racemosa and Avicennia nitida in the Rio Formoso estuary, located along 
the southern coast of Pernambuco. The species of myxomycetes were distributed among three 
microhabitats: live trunk bark, twigs from aerial litter and aerial leaf litter. The authors observed 
the presence of eleven species, all obtained through cultivation in moist chambers; they were 
Arcyria cinerea, A. pomiformis, Collaria arcyrionema, Clastoderma debaryanum, Cribraria 
violacea, Physarum auriscalpium, P. tenerum, Stemonitis fusca, S. herbatica, S. virginiensis and 
Stemonaria irregularis. Physarum tenerum was reported for first time from the mangrove 
environment. In addition,  Physarum auriscalpium, that was the frequent, the majority of species 
observed in this study were considered as rare. 
The ecological and environmental importance of the mangroves and the lack of scientific 
inventories on its myxobiota demonstrates the importance of the development of taxonomical 
studies in this environment. Currently, it is estimated that only 32 species were observed in 
association with Brazilian mangroves, less than 12% of the total species recognized for the 
country (Cavalcanti et al. 2015). 
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Figure 5. Distribution of mangroves in the coastal areas of Brazil (in red),which extend from the 
north to the south of the country. 
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Pantanal  
With more than 170,000 km2, the Pantanal domain is the most extensive floodplain in the 
world, located in the center of South America. Located in the upper Paraguay River basin, 65% 
of its territory is in the state of Mato Grosso do Sul and 35% in Mato Grosso (Rodrigues et al. 
2014). The region is an alluvial plain influenced by rivers that drain the basin of the Upper 
Paraguay, where it is characterized by a fauna and flora of rare beauty and abundance. The 
climate of the region is hot and humid with a rainy season in summer, and dry season in winter. 
The annual average rainfall is 1400 mm with dry season from May to September (Nunes da 
Cunha & Junk 2001). In the rainy season, up to 80% of the plains are flooded (Ferreira-Junior et 
al. 2016) (Figure 6). 
The wildlife and economy of the Pantanal are linked to this flooding system. The region 
is an interesting aquatic paradox in an area of semi-arid or even arid continental climate (Fantin-
Cruz et al. 2010). Without the abundant shallow groundwater and the flooded areas, the 
terrestrial vegetation would be similar to that of the cerrado or the Bolivian Chaco. Likewise, the 
rich fauna of birds and mammals depends, for the most part, on aquatic feeding. The Pantanal 
can be seen, then, as a great and dynamic interface between the aquatic and the terrestrial world 
(Biudes et al. 2014). 
To date, the Pantanal is the only phytogeographic domain in Brazil without any records 
of species of myxomycetes (Cavalcanti et al. 2015), highlighting the importance for future 
taxonomic inventories in the domain. Conducting scientific inventories on the Pantanal is crucial 
to increase the knowledge about the species that inhabit the domain, as well as widen the 
knowledge of the species of myxomycetes that occur in the country.  
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Figure 6. Distribution of the Pantanal domain in the estates of Mato Grosso and Mato Grosso do 
Sul. 
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Pampa – Campos Sulinos 
The plains of the southern region of Brazil known as Pampa or Campos Sulinos, 
comprise an area of approximately 180,000 km2, which covers 63% of the state of Rio Grande do 
Sul, with continuity in the countries of Uruguay and part of Argentina (Araujo et al. 2018) 
(Figure 7).  
The Pampa vegetation in composed of grasses, shrubs, and sparse areas where the capão 
predominates; typical of southern Brazil, the capão a grouping of arboreal vegetation surrounded 
by meadows (Sacco et al. 2015). In this domain there is a great abundance of herbaceous species 
and several country topologies, comprising in some regions, of environments integrated with the 
Araucaria forest (Bolzan et al. 2016). 
Although this biome is predominantly composed of grasslands, there are also forest 
formations, represented by the riparian forest (Vélez et al. 2009). These riverside formations are 
the only forests distributed throughout the Pampa length, and are often the preferred habitat of 
most of the mammals that occur in it (Paz & Bassagoda 2002; Araujo et al. 2018). In this sense, 
these forests are, along with natural fields, true ecological corridors, as they promote the 
movement and continuity of the flora and fauna gene flow, providing species maintenance and 
variability among populations. 
The climate of the region is subtropical, warm temperate, with well distributed rains and 
well defined seasons (Spring, Summer, Fall and Winter). With monthly average ranging from 
7.8°C (June) to 30.1°C (January) and annual rainfall is around 1,388 mm, the Pampa is also 
characterized by the frequency of polar fronts and negative temperatures in the winter period, 
which induce a typical physiological seasonality of cold and dry climates, evidencing an intense 
evapotranspiration process (Moreno 1961).  
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In spite of the recognized importance of the Pampa, the study of myxomycetes in this 
domain is scarce, represented by only two inventories. According to Cavalcanti (2015), Lycogala 
flavofuscum Rostaf. was the first species of myxomycetes registered for the Pampa domain 
(Torrend 1915; Maia et al. 2015; Agra et al 2019). 
New registrations for the dominion were only made over a hundred years later when de 
Lima and Cavalcanti (2017) recorded 57 species of myxomycetes in the Environmental 
Protection Area of Ubiratã, Rio Grande do Sul. From the species listed by the authors, 28 
constituted new records for the state of Rio Grande do Sul and Arcyria afroalpina 
Rammeloo, Craterium concinnum Rex, Licea rufocuprea Nann.-Bremek. & Y. Yamam., L. 
tenera E. Jahn, Perichaena luteola (Kowalski) Gilert, Physarum robustum (Lister) Nann.-
Bremek., P. spectabile Nann.-Bremek., Lado & G. Moreno and Stemonitopsis gracilis (G.Lister) 
Nann.-Bremek. represented new records for Brazil. The authors also highlighted that due to their 
differing vegetation and microclimatic conditions, the two major phytophysiognomies of the 
region, grassland and riparian forest, presented very distinct myxomycete assemblages. 
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Figure 6. Distribution of the Pampa domain in Rio Grande do Sul. 
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Discussion 
Based on the bibliographic review presented herein, there are approximately 270 species 
of myxomycetes recognized for Brazil (Table 1),less than 30% for the total of species currently 
accepted for this group of microorganisms (Lado 2019). Brazil is currently the second country in 
the Neotropics and the first in South America in number of records for the group (Maia et al. 
2015). Species of myxomycetes were represented in all Brazilian phytogeographic domains, 
except in the Pantanal. This wide distribution and diversity in Brazilian territory has provided 
several studies on myxomycetes, but they do not yet reflect the taxonomic diversity of the family 
in the country. 
In Brazil, there are several specialists in myxomycetes, who have been working in public 
teaching and research institutions, as well as newly graduated and young taxonomists in training. 
Most of these specialists are concentrated in the Northeastern region of the country, specifically 
in the Atlantic Rainforest and Caatinga domains, in the Southeast and South of the country. 
Some also work with the myxobiota of the Cerrado and Pampa domains, present in the 
Southeast, in the center-south portion of the Northeast and the Center-West. 
An analysis of the studies published allows us to highlight the large gaps to be filled, 
such as the knowledge of the diversity of the group in the Amazon, Pampa and Pantanal 
domains. Considering the current involvement of specialists in the study of myxomycetes in 
Brazil, projects under development with the use of new approaches in taxonomy, the availability 
of collections and the gaps evidenced, it is believed that the compilation of this data by 
phytogeographical domain should assist future researchers, and be useful as a guideline for 
future scientific initiatives and further studies on morphology, phylogeny, ecology and 
conservation of the myxobiota already known. 
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Table 1. General list of species of myxomycetes found thus far in Brazil. Their distribution 
among phytogeographycal domains and mangroves is indicated with an X. Legend: AM = occurs 
in Amazon domain, AR = occurs in Atlantic Rainforest, CA = Caatinga, CE = Cerrado, PA = 
Pampa, MA = Mangrove. 
SPECIES AM AR CA CE PA MA 
CERATIOMYCETES       
Ceratiomyxa fruticulosa (O.F.Müll.) T.Macbr. X X X X X - 
Ceratiomyxa morchella A.L.Welden X X - - - - 
Ceratiomyxa sphaerosperma Boedijn X X - - - - 
MYXOMYCETES       
Alwisia bombarda Berk. & Broome X X - - - - 
Arcyria afroalpina Rammeloo - - - - X - 
Arcyria carnea Schumach. - - X - - - 
Arcyria cerradensis Agra, L. H. Cavalcanti & Dianese - - - X - - 
Arcyria cinerea (Bull.) Pers. X X X X X X 
Arcyria corymbosa M.L.Farr & G.W.Martin - X - - - - 
Arcyria denudata (L.) Wettst. X X X X X X 
Arcyria ferruginea Saut. - X - - - - 
Arcyria globosa Schwein. - X - - - - 
Arcyria incarnata (Pers. ex J.F.Gmel.) Pers. - X - X - - 
Arcyria insignis Kalchbr. & Cooke - X X - X - 
Arcyria magna Rex - X - - X - 
Arcyria major (G.Lister) Ing - X - - X - 
Arcyria minuta Buchet - X X - - - 
Arcyria obvelata (Oeder) Onsberg X X X X - - 
Arcyria occidentalis (T.Macbr.) G.Lister - X - X - - 
Arcyria oerstedii Rostaf. - X - - - - 
Arcyria pomiformis (Leers) Rostaf. - X X X X X 
Arcyria stipata (Schwein.) Lister - X - - - - 
Arcyria versicolor W.Phillips - X - - - - 
Arcyriatella congregata Hochg. & Gottsb. - X - - - - 
Badhamia affinis Rostaf. - X X - - - 
Badhamia calcaripes Gottsb. - X - - - - 
Badhamia macrocarpa (Ces.) Rostaf. - X X - - - 
Badhamia melanospora Speg. - X X - X - 
Badhamia nitens Berk. - X - - - - 
Badhamia panicea (Fr.) Rostaf. - X X - - - 
Badhamia papaveracea Berk. & Ravenel - X - - - - 
Badhamia viridescens Meyl. - X - - - - 
Badhamiopsis ainoae (Yamash.) T.E.Brooks & H.W.Keller - X - - - - 
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Table 1. (Cont.) 
SPECIES AM AR CA CE PA MA 
Calomyxa metallica (Berk.) Nieuwl. - X - - - - 
Clastoderma debaryanum A.Blytt - X X X - X 
Clastoderma pachypus Nann.-Bremek. - X - - - - 
Collaria arcyrionema (Rostaf.) Nann.-Bremek. ex Lado X X X X X X 
Comathicha pulchelloides Nann.-Bremek. - X - - - - 
Comatricha elegans (Racib.) G.Lister - X X X X - 
Comatricha laxa Rostaf. - X X X X - 
Comatricha longipila Nann.-Bremek. - X - - - - 
Comatricha mirabilis R.K.Benj. & Poitras - X - - - - 
Comatricha nigra (Pers. ex J.F.Gmel.) J.Schröt. X X - X - - 
Comatricha pulchella (C.Bab.) Rostaf. X X X X - X 
Comatricha suksdorfii Ellis & Everh. - X - - - - 
Comatricha tenerrima (M.A.Curtis) G.Lister - X - X X X 
Craterium aureum (Schumach.) Rostaf. X X - X - - 
Craterium concinnum Rex - - - - X - 
Craterium leucocephalum (Pers. ex J.F.Gmel.) Ditmar X X X X X - 
Craterium paraguayense (Speg.) G.Lister X X X - - - 
Cribraria argillacea (Pers. ex J.F.Gmel.) Pers. - X - - - - 
Cribraria aurantiaca Schrad. - X X - - - 
Cribraria cancellata (Batsch) Nann.-Bremek. X X X X X - 
Cribraria confusa Nann.-Bremek. & Y.Yamam. - X - - - X 
Cribraria elegans Berk. & Curt. - - - X - - 
Cribraria intricata Schrad. X X - - - - 
Cribraria languescens Rex X X X X - - 
Cribraria laxa Hagelst. - X - - - - 
Cribraria martinii Nann.-Bremek. - - - X - - 
Cribraria microcarpa (Schrad.) Pers. X X X X X - 
Cribraria minutissima Schwein. - X X - - - 
Cribraria mirabilis (Rostaf.) Massee - X X - - - 
Cribraria piriformis Schrad. - X - - - - 
Cribraria splendens (Schrad.) Pers. X X X - - - 
Cribraria tenella Schrad. - X X - - - 
Cribraria violacea Rex - X X X X X 
Cribraria vulgaris Schrad. - X - - - - 
Diachea bulbillosa (Berk. & Broome) Lister - - X X - - 
Diachea leucopodia (Bull.) Rostaf. - X X X - X 
Diachea megalospora K. S. Thind & Manocha - - - X - - 
Diachea silvaepluvialis M.L.Farr - X - - - - 
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Dictydiaethalium plumbeum (Schumach.) Rostaf. - X X X - - 
Diderma albo-columella A.C.C. Bezerra & L.H. Cavalc. - X - - - - 
Diderma chondrioderma (De Bary & Rostaf.) G.Lister - X - - - - 
Diderma cingulatum Nann.-Bremek. - X - - - - 
Diderma cor-rubrum T.Macbr. - - - X - - 
Diderma corrugatum T.E.Brooks & H.W.Keller - X - - - - 
Diderma deplanatum Fr. - X - X - - 
Diderma effusum (Schwein.) Morgan X X - X X - 
Diderma hemisphaericum (Bull.) Hornem. - X X X X - 
Diderma rugosum (Rex) T.Macbr. - X - - - - 
Diderma saundersii (Berk. & Broome ex Massee)E Scheld - - X X - - 
Diderma simplex (J. Schröt.) G. Lister - X - - - - 
Diderma spumarioides (Fr.) Fr. - X - - - - 
Diderma stellulum M.L.Farr - X - - - - 
Didymium anellus Morgan - X X - - - 
Didymium aquatile Gottsb. & Nann.-Bremek. - X - X - - 
Didymium bahiense Gottsb. - X X X - - 
Didymium clavus (Alb. & Schwein.) Rabenh. X X X X - X 
Didymium columella-cavum Hochg. et al. - X - X - - 
Didymium comatum (Lister) Nann.-Bremek. - - - X - - 
Didymium difforme (Pers.) Gray - X X - - - 
Didymium dubium Rostaf. - X X - - - 
Didymium eximium Peck - X - - - - 
Didymium flexuosum Yamash. - X - - - - 
Didymium floccoides Nann. -Brem. et Y. Yamam. - X - - - - 
Didymium intermedium J.Schröt. - X X - - - 
Didymium iridis (Ditmar) Fr. - X X X - - 
Didymium melanospermum (Pers.) T.Macbr. X X - X - - 
Didymium minus (Lister) Morgan X X X X - - 
Didymium nigripes (Link) Fr. X X X X - - 
Didymium ochroideum G.Lister - X - - - - 
Didymium perforatum Yamash. - - X - - - 
Didymium serpula Fr. - - X - - - 
Didymium squamulosum (Alb. & Schwein.) Fr. - X X X - - 
Didymium verrucosporum A.L. Welden - X - - X - 
Echinostelium arboreum H.W.Keller & T.E.Brooks - - X - - - 
Echinostelium colliculosum K.D.Whitney & H.W.Keller - X - - - X 
Echinostelium minutum de Bary - X X X X X 
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Enerthenema papillatum (Pers.) Rostaf. - X X X X - 
Fuligo aurea (Penz.) Y. Yamam. - X - - - - 
Fuligo cinerea (Schwein.) Morgan - X X X - - 
Fuligo megaspora Sturgis - X X - - - 
Fuligo septica (L.) F.H.Wigg. X X X X X X 
Hemitrichia calyculata (Speg.) M.L.Farr X X X X X X 
Hemitrichia clavata (Pers.) Rostaf. - X - X - - 
Hemitrichia insignis Torrend - X - - - - 
Hemitrichia leiocarpa (Cooke) Lister - X - - - - 
Hemitrichia minor G.Lister - X - - - - 
Hemitrichia pardina (Minakata) Ing - X - - - - 
Hemitrichia serpula (Scop.) Rostaf. X X X X X X 
Hemitrichia spinifera M.L.Farr - - - X - - 
Lamproderma arcyrioides (Somerf.) Rostaf. - X - X - - 
Lamproderma muscorum (Lév.) Hagelst. - X - - - - 
Lamproderma scintillans (Berk. & Broome) Morgan - X - - - - 
Leocarpus fragilis (Dicks.) Rostaf. - X - - - - 
Licea biforis Morgan - X X - X - 
Licea capitatoides Nann, -Bremek et Y. Yamam - X - -  - 
Licea castanea G.Lister - X - - X - 
Licea denudescens H.W.Keller & T.E.Brooks - X - - - - 
Licea erecta K.S.Thind & Dhillon - X - - - - 
Licea floriformis T.N.Lakh. & R.K.Chopra - X - - - - 
Licea kleistobolus G.W.Martin - X - - - X 
Licea minima Fries - - X - - - 
Licea operculata (Wingate ) G.W.Martin - X X X - - 
Licea parasitica (Zukal) G.W.Martin - X - X - - 
Licea pedicellata (H.C.Gilbert) H.C.Gilbert - X - X - - 
Licea rufocuprea Nann.-Bremek. & Y. Yamam. - - - - X - 
Licea scyphoides Brooks & Keller - X - - - - 
Licea succulenticola Mosquera, Lado, Estrada & Beltrán-Tej. - - X - X - 
Licea tenera E. Jahn - - - - X - 
Licea variabilis Schrad. - X - - - - 
Lycogala confusum Nann.- Bremek. ex Ing - X - - - - 
Lycogala conicum Pers. - X - - - - 
Lycogala epidendrum (L.) Fr. X X X X X - 
Lycogala exiguum Morgan - X X X - - 
Lycogala flavofuscum Rostaf. - - - - X - 
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Macbrideola decapillata H.C.Gilbert - X - - X - 
Macbrideola martinii (Alexop. & Beneke) Alexop. - X - - - - 
Macbrideola scintillans H.C.Gilbert - X X - - - 
Metatrichia floriformis (Schwein.) Nann.-Bremek. - X X - - - 
Metatrichia floripara (Rammeloo) Rammeloo - X - - - - 
Metatrichia horrida Ing - X - - - - 
Metatrichia vesparia (Batsch) Nann.-Bremek. ex G.W.Martin & 
Alexop. X X X X X 
- 
Mucilago crustacea F.H.Wigg. - X - - - - 
Oligonema flavidum (Peck) Peck - X X - - X 
Oligonema schweinitzii (Berk.) G.W.Martin - X - X X - 
Paradiacheopsis curitibana Hertel - X - - - - 
Paradiacheopsis longipes Hoof & Nann.-Bremek. - X - - - - 
Paradiacheopsis rigida (Brândza) Nann.-Bremek. - X - - - - 
Perichaena calongei Lado, D. Wrigley & Estrada - X - X - - 
Perichaena chrysosperma (Curr.) A.Lister - X X X - - 
Perichaena corticalis (Batsch) Rostaf. - X X - - - 
Perichaena depressa Lib. - X X X X X 
Perichaena longipes L.M. Walker, Leontyev & S.L.Stephenson X - - - - - 
Perichaena luteola (Kowalski) Gilert - - - - X - 
Perichaena microspora Penz. & Lister - X - - - - 
Perichaena pedata (Lister & G. Lister) Lister ex E. Jahn - X - - - - 
Perichaena quadrata T. Macbr - - - X - - 
Perichaena taimyriensis Novozh. & Schnittler - - X - - - 
Perichaena vermicularis (Schwein.) Rostaf. - X - X X - 
Physarella oblonga (Berk. & M.A.Curtis) Morgan X X X X X - 
Physarum albescens Ellis ex T.Macbr. - X - - - - 
Physarum album (Bull.) Chevall. X X X X X - 
Physarum alvoradianum Gottsb. - - - X - - 
Physarum auriscalpium Cooke - X - X - X 
Physarum bethelii T.Macbr. ex G.Lister - X - - - - 
Physarum bivalve Pers. - X - X - - 
Physarum bogoriense Racib. - X X X X - 
Physarum cinereum (Batsch) Pers. X X X X - - 
Physarum compressum Alb. & Schwein. X X X X - - 
Physarum conglomeratum (Fr.) Rostaf. - X - - - - 
Physarum crateriforme Petch - X - - X - 
Physarum decipiens M.A.Curtis - X - - - - 
Physarum didermoides (Pers.) Rostaf. - X X - - - 
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Physarum echinosporum Lister - X X - - X 
Physarum flavicomum Berk. - X X X - - 
Physarum florigerum (Meyl.) Y.Yamam - X - - - - 
Physarum fulgens Pat. - X - - - - 
Physarum galbeum Wingate - X X X - - 
Physarum globuliferum (Bull.) Pers. - X - X - - 
Physarum gyrosum Rostaf. - X X - - - 
Physarum hongkongense Chao Chung - X - X - - 
Physarum javanicum Racib. - X X X - - 
Physarum lateridium (Berk. & Ravenel) Morgan - X - - - - 
Physarum leucophaeum Fr. - X - X - - 
Physarum leucopus Link - X - - - - 
Physarum megalosporum T.Macbr. - X - - - - 
Physarum melleum (Berk. & Broome) Massee X X X X X - 
Physarum mennegae Nann.-Bremek. - X - - - - 
Physarum mutabile (Rostaf.) G.Lister - X - X - - 
Physarum nicaraguense T.Macbr. X X - - - - 
Physarum nitens (Lister) Ing - X - - - - 
Physarum notabile T.Macbr. - X - X X - 
Physarum nucleatum Rex X X X X - - 
Physarum nudum T.Macbr. - X - - - - 
Physarum oblatum T.Macbr. - X - - - - 
Physarum ovisporum G.Lister - - - X - - 
Physarum penetrale Rex - X - X - - 
Physarum pezizoideum (Jungh.) Pav. & Lagarde X X - - - X 
Physarum polycephalum Schwein. - X X - - - 
Physarum pulcherrimum Berk. & Ravenel - X X - - - 
Physarum pusillum (Berk. & Curtis) G.Lister - X X X X - 
Physarum reniforme (Massee) G.Lister - X - - - - 
Physarum rigidum (G.Lister) G.Lister X X X X - - 
Physarum robustum (Lister) Nann.-Bremek. - - - - X - 
Physarum roseum Berk. & Broome - X - X - X 
Physarum serpula Morgan - X X - - - 
Physarum sessile Brândza - X - - - - 
Physarum spectabile Nann.-Bremek., Lado & G. Moreno - - - - X - 
Physarum stellatum (Massee) G.W.Martin X X X X X - 
Physarum straminipes Lister - - X - - - 
Physarum sulphureum Alb. & Schwein. - X - - - - 
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Physarum tenerum Rex X X X X - X 
Physarum vernum Sommerf. - X X - - - 
Physarum virescens Ditmar - X - - - - 
Physarum viride (Bull.) Pers. X X X X X - 
Reticularia intermedia Nann.-Bremek. - X - X X - 
Reticularia jurana Meyl. - X X - - - 
Reticularia lycoperdon Bull. - X - - - - 
Stemonaria fuscoides Nann.-Bremek. & Y.Yamam. - X - - - X 
Stemonaria irregularis (Rex) Nann.-Bremek. et al. - X X - - X 
Stemonaria longa (Peck) Nann.-Bremek., R. Sharma & Y. Yamam. X X X X - - 
Stemonitis axifera (Bull.) T.Macbr. X X X X - - 
Stemonitis flavogenita E.Jahn X X X X X X 
Stemonitis fusca Röth X X X X X X 
Stemonitis herbatica Peck X X X X X X 
Stemonitis lignicola Nann.-Bremek. - X - - - - 
Stemonitis mussooriensis G.W.Martin et al. - X - - - - 
Stemonitis nigrescens Rex - - X - - - 
Stemonitis pallida Wingate X X X X - - 
Stemonitis smithii T. Macbr. - - X - - - 
Stemonitis splendens Rostaf. X X X X X X 
Stemonitis virginiensis Rex - X - - - X 
Stemonitopsis aequalis (Peck) Y.Yamam. X X - X - - 
Stemonitopsis gracilis (G.Lister) Nann.-Bremek. - - - - X - 
Stemonitopsis hyperopta (Meyl.) Nann.-Bremek. - X - - - - 
Stemonitopsis reticulata (H. C. Gilbert) Nann.-Bremek. & Y. Yamam.           - X - - - X 
Stemonitopsis subcaespitosa (Peck) Nann.-Bremek. - X X - - - 
Stemonitopsis typhina (F.H.Wigg.) Nann.-Bremek. X X X X X - 
Symphytocarpus confluens (Cooke & Ellis) Ing & Nann.-Bremek.                   - X - - - - 
Symphytocarpus flaccidus (Lister) Ing & Nann.-Bremek. - X - - - - 
Trichia affinis de Bary - X - - X - 
Trichia agaves (G.Moreno et al.) Mosquera et al. - - X - - - 
Trichia botrytis (J.F.Gmel.) Pers. - X - - - - 
Trichia contorta (Ditmar) Rostaf. - - - X - - 
Trichia decipiens (Pers.) T.Macbr. - X - - - - 
Trichia favoginea (Batsch) Pers. X X X X - - 
Trichia lutescens (Lister) Lister - X - - - - 
Trichia persimilis P.Karst. - X - X - - 
Trichia scabra Rostaf. - X - - - - 
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Trichia varia (Pers.) Pers. - - X - - - 
Trichia verrucosa Berk. - X - - - - 
Tubifera dimorphotheca Nann.-Bremek. & Loer. - X - - - - 
Tubifera ferruginosa (Batsch) J.F.Gmel. - X - - - - 
Tubifera microsperma (Berk. & M.A.Curtis) G.W.Martin X X X - - - 
Willkommlangea reticulata (Alb. & Schwein.) Kuntze - X X X - - 
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III. Species Listing and Molecular Identification of Myxobacteria Species Associated with 
Decaying Plant Material from Tropical Forests in Brazil 
 
Abstract 
Myxobacteria are gram-negative bacteria found primarily in soil, usually associated with 
organic matter of plant origin. Among prokaryotes, myxobacteria are known for their unusual 
life cycle, marked by social behavior and morphogenic capabilities. In the presence of nutrients, 
these rod-shaped bacteria will spread by gliding along surfaces, crawling their way through 
porous substrates and engulfing food particulates, leaving behind a trail of mucus. When there 
are no nutrients available, individual cells initiate a process of cooperative morphogenesis that 
culminates in the formation of fruiting bodies. Due to the production of mucus and the slow 
growth of these organisms, the process involved in the isolation and purification of myxobacteria 
is laborious and time-consuming. However, because of their biotechnological potential and 
complex behavior, it is essential to determine the diversity of myxobacteria as a starting point for 
studies involving isolation and application of molecular techniques. The objective of this study 
was to isolate and identify species of myxobacteria from tropical forests of Brazil. The fruiting 
bodies of myxobacteria which developed on the surface of decaying plant material were 
observed, isolated, and sequenced. Eighty-three samples were collected based on the 
morphological profile of their fruiting bodies, from which 60 were sequenced, and 46 were 
identified to the species level. 
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Introduction 
Myxobacteria 
Distinct among the prokaryotes by their morphogenic potential and complex intercellular 
social behavior, the myxobacteria were first described in 1892 as elongated rod-shaped (typically 
2–12 × 0.7–1.2 μm), relatively large, gram-negative bacteria,  predominantly found in soil but 
also abundantly present in most aerobic environments where there is organic matter (Thaxter 
1982; Shimkets 1990). Feeding by engulfing plant debris and by predation of other prokaryotes, 
the myxobacteria play an essential role in the decomposition of environmental compounds, 
biological control of bacterial populations and in the production of secondary metabolites that 
can interfere with the cellular metabolism of other prokaryotes and eukaryotes (Shimkets et al. 
2006). 
 Their peculiar life cycle, from the single vegetative cell until the differentiation of the 
myxospore bearing fruiting body (Figure 1), is similar only to the life cycle of the protist cellular 
slime molds (Amoebozoans) – a grand case of convergent evolution of prokaryotes and 
eukaryotes (Garcia et al. 2010). In nature, myxobacterial cells move by gliding and, when 
present on a solid surface, may form cooperatively feeding swarms. In the presence of nutrients, 
the motile, rod-shaped vegetative cells grow and divide, and upon starvation conditions, the 
myxobacteria are known to pile up into aggregated masses of 104 to 106 cells (Burchard 1982; 
Blackhart & Zusman 1985). The mass then differentiates by cooperative morphogenesis into 
fruiting bodies composed of cells and slime, ranging between 10 and 1,000 μm tall, thus 
recognizable to the naked eye. Inside the mature fruiting body, the vegetative cells convert into 
myxospores. Many of the species of myxobacteria also secrete a thick wall known as a 
sporangiole that will surround the myxospore mass and provide extra protection against 
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desiccation, elevated temperatures, and UV light. The sporangioles can occur singly or in 
clusters (Reichenbach 2005). 
The classical taxonomy of the species recognized for the group is based on fruiting body 
features and vegetative cells characteristics, as well as the nature of the myxospores 
(Reichenbach 1984; Garcia et al. 2010). Currently, there are three cell morphology types in the 
group: (1) long and thin cells with tapered (or fusiform) ends; (2) cylindrical cells with rounded 
ends; and (3) cylindrical or cube-shaped cells with truncated or rounded ends that allow the 
distinction between species. Distinctly observed by an optical microscope, these three 
morphologies represent respectively, the suborders Cystobacterineae, Sorangineae, and 
Nannocystineae (Reichenbach 2005). 
The phenotypical characteristics of the fruiting bodies are expressions of the genotype; 
they are not stable and may vary or be lost under artificial growth conditions, which increase the 
difficulty when identifying these organisms (Spröer et al. 1999; Garcia et al. 2010). In the 
simplest fruiting structure, the vegetative cells aggregate into a rounded clump, a condition found 
in species of the genera Cystobacter and Polyangium, for example. They are continually 
embedded in slime. As the entire mass dries out, the long, flexuous cells condense into spheres 
and produce a dense wall of dried slime. As such, the mature fruiting bodies are dried-slime-
enclosed spheres filled with spherical myxospores. Sometimes, the interior of the mass is divided 
into a system of intestine-like tubules within which the myxospores are held (Jeffers 1964). 
In other genera (e.g., Myxococcus and Melittangium), short stalks of slime are produced 
so that the myxospore mass is raised off the surface of the substrate. In those cases, the shape of 
the fruiting body may vary from coral-like to oval and globose. Members of the genus 
Chondromyces and Stigmatella produce the most complex fruiting bodies, developing colorful 
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tree-like fruiting bodies, large enough to be recognizable to the naked eye (Reichenbach 1999). 
Even though morphology-based identification remains broadly valid for the species with larger 
stalked fruiting bodies, for most genera, especially those containing the smaller and less 
recognizable species, identification and classification is still very difficult. 
Since the taxonomic classification of myxobacteria remains a major challenge, molecular 
tools and analysis have offered valuable information about their taxonomy and evolutionary 
history (Thomas et al. 2008). When applied to genomic analyses, phylogeny deduced from the 
16S rRNA gene sequence has helped us interpret myxobacterial evolution by distinguishing 
taxonomic groups and species (Konstantinidis & Tiedje 2005). Phylogenetic analysis shows that 
the myxobacteria are a monophyletic group (order Myxococcales) belonging to the phylum 
Proteobacteria subdivision Delta, exhibiting one of the largest genomes among prokaryotes with 
high G+C content in its DNA (between 64 and 72 mol%) (Shimkets 1993; Dawid 2000; 
Reichenbach 2005).  
During their assimilative stage, the myxobacteria can grow as saprophytes on dead 
organic matter by decomposing degradable polymers and preying upon gram-negative and gram-
positive bacteria, as well as a variety of protist and fungal species (Reichenbach 1984). In 
addition to their important role in the global nutrient cycle, a large proportion of myxobacteria 
species produce some kind of active secondary metabolites with biological activity (Shimkets et 
al. 2006).  
Most the bioactive substances originate in the metabolism of acetate or amino acids 
production, and the synthetic ability is strain-specific, not species-specific; this means that the 
same compounds can occur in strains of different species, genera and even families of 
myxobacteria (Dawid 2000). For example, Myxococcus fulvus (Cohn) Jahn produces 
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myxovalargin, a protein synthesis inhibitor. It also attacks cell membranes, which exhibit activity 
and can be used against Mycobacterium tuberculosis Koch (Irschik & Reichenbach 1985). It also 
produces myxothiazol, a mitochondrial inhibitor that interferes with the transport of electrons 
known for its antifungal activity (Jagow et al. 1984). Myxococcus xanthus Beebe produces 
myxalamid, a known antifungal. Soraphens and thuggacin are also myxobacterial antifungals, 
produced by Sorangium cellulosum So (Gerth et al. 1983, 1994; Franke et al. 2015). These 
substances block acetyl-CoA carboxylase, acting upon phytopathogenic fungi (Reichenbach & 
Höfle 1993). 
Another substance produced by S. cellulosum is epothilon. Isolated in 1987, epotthilon 
acts directly in the cytoskeleton of eukaryotic cells, blocks cell division and leads to apoptosis 
(cell death). Bacteria and fungal cells are not affected, but it has been shown to affect cancer 
cells. Important for cancer treatment in clinical applications, it stops the growth of numerous 
human cancerous cells such as breast, intestinal, and ovarian cancers (Reichenbach 1996; Dawid 
2000). 
Archangium gephyra Jahn produces argyrins, a cytotoxic compound with antibiotic 
properties (Wagner et al. 2016). Along with myxovalargin, which is also synthesized by M. 
fulvus and Corallococcus coralloides (Thaxter) Reichenbach, an antibiotic that blocks protein 
synthesis in eukaryotes and prokaryotes, the substance inactivates yeasts and other fungi cells as 
well as gram-positive and gram-negative bacteria (Dawid 2000). 
Additionally, geosmin, the chemical compound responsible for the characteristic soil 
aroma and typically produced by streptomycetes, is also produced by M. xanthus and 
Nannocystis exedens Reichenbach (Gerth & Müller 2005). It is also important to mention that the 
characteristic orange, red, purple, and brown pigments produced and accumulated by the fruiting 
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bodies are fatty acids of carotenoids, secondary metabolites produced by myxobacteria 
(Whitworth 2008). 
The myxobacteria are known to be cosmopolitan, inhabiting all climatic zones, 
vegetation types and even marine environments (Reichenbach 2005; Moghaddam et al. 2016). 
However, they seem to be more abundant in warm and seasonally dry regions such as the 
southwestern United States, Mexico, northern India, Egypt and the Canary Islands (Reichenbach 
1999; Shimkets et al. 2006).  
Typically present in soil, species of myxobacteria can be found in sandy, arid and even 
arctic soil (Brockman 1967, 1976; Brockman & Boyd 1963; Dawid et al. 1988; Dawid 2000). 
There are also reports of the presence of this group of organisms in freshwater, marine 
environments, dung of herbivores, decomposing plant material and the bark of living trees 
(Jeffers 1964; Carlson & Pacha 1968; Fudou et al. 2002; Iizuka et al. 2003; Shimkets et al. 2006; 
Mohr et al. 2017). However, despite the recent biogeographical studies, and even though Gerth 
& Müller (2005) have reported the isolation and identification of moderate thermophilic 
myxobacteria from hot and semi-arid climates, growing at 48°C, there are still no anaerobes, 
acidophilic or thermophilic representatives found in this particular group of bacteria 
(Reichenbach 2005). 
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Figure 1. The life cycle of Chondromyces apiculatus. Under appropriate conditions myxospores 
(A) germinate (B) and form gram-negative vegetative cells, that grow and divide; vegetative 
cells (C, D) move by gliding. The vegetative cells typically travel in swarms, containing many 
cells kept together by intercellular molecular signals, this allows the accumulation of the 
extracellular enzymes and increases feeding efficiency. When starved, myxobacterial cells 
aggregate (E, H) into a mound; mounds of myxobacteria differentiate into a distinct fruiting body 
(F, G), which produces myxospores packed within sporangioles. 
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Atlantic Rainforest 
The Atlantic Rainforest occupies 0.8% of the Earth's surface and harbors one of the 
planet's most impressive biotas (fauna and flora alike). It extends along the entire Brazilian coast 
from the Southern to the Northeastern region of the country, distributed throughout the coasts of 
17 states: Rio Grande do Sul, Santa Catarina, Paraná, São Paulo, Goiás, Mato Grosso do Sul, Rio 
de Janeiro, Minas Gerais, Espírito Santo, Bahia, Alagoas, Sergipe, Paraíba, Pernambuco, Rio 
Grande do Norte, Ceará, and Piauí (Rizzini 1997). 
Historically, the areas comprised by the Atlantic Rainforest were the first to undergo 
colonization initiatives, and the result of the entire exploration was the almost total loss of its 
original forests and the continuous devastation of the remaining fragments to the present day 
(Mori et al. 1983). Furthermore, about 70% of the Brazilian population lives in areas originally 
covered by the Atlantic Rainforest, and this biome concentrates industrial production and the 
country's gross domestic product (Viani et al. 2010; Batalha & Miyaki 2018). According to a 
partial survey conducted by the NGO SOS Mata Atlântica and by the Brazilian National Space 
Research Institute (INPE) in 2006, from an original area estimated at 1.3 million km², which 
equates to about 16% of the country, only 8.5% of its native vegetative cover remains. 
The deforestation rates are much more severe in the northeastern states of Brazil, where 
only 1 to 2% of the original coverage remains, with the majority located in the southern  Bahia. 
In the states that are part of the Central Corridor (Bahia, Espírito Santo, Rio de Janeiro, part of 
Minas Gerais and São Paulo), the proportion of remaining forests varies from 2.8% in Minas 
Gerais and 21.6% in the state of Rio de Janeiro (Webb et al. 2005; Freitas et al. 2010). 
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Although the Atlantic forest has suffered for years with systematic deforestation and 
enthronization, the biome, together with its associated ecosystems, is still extremely rich in 
biodiversity, sheltering a high proportion of the Brazilian species with high levels of endemism.  
It is estimated that more than 5% of the vertebrate species in the world and around 5% of 
the world’s flora are present in the Atlantic Rainforest. Furthermore, it is thought that 
approximately 946 vertebrate species and 7,155 species of vascular plants are endemic to this 
biome; that is, they do not occur anywhere else on the planet. These numbers represent, 
respectively, 43% and 45% of the total species occurring in the biome. For some groups, this 
exclusivity is even more impressive (Paglia & Pinto 2010), which only magnifies the need for in-
depth ecological and taxonomic studies in this phytogeographic domain. 
Objective 
To date, there are only two reports of the presence of myxobacteria in Brazil, dating from 
the 1970s and indicating the occurrence of these bacteria in sandy soil and the soil of tropical 
forests (Dawid 2000; Dawid 2000). Both reports are strictly based on laboratory culture, using 
specific media, and restrict to morphological identification (Nellis & Garner 1964; Peterson 
1969). 
Based on the history of studies of myxobacteria, the primary goal of this project was to 
characterize the assemblage of species of myxobacteria associated with  decaying plant material 
present in the Atlantic Rainforest in the northern coastal region of Pernambuco, Brazil. 
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Materials and Methods 
Collection site  
The Recife Botanical Garden (8°04'42.15"S, 34°57' 28.34"W), established in 1960, is 
located in the district of Curado, west of Recife, capital of the state of Pernambuco – Brazil 
(Figure 2). It encompasses a total area of 25 ha of Atlantic Rainforest. Nearly 10 ha comprise 
protected forest areas, while 15 ha consists of an open area with grasses that also includes 
reforestation areas (Figure 3). The Recife Botanical Garden also integrates the Tejipió River 
basin with supply water for the municipalities of Recife and Jaboatão dos Guararapes. The 
climate is As' (Köppen), hot and humid, where the average temperature is around 27° C 
throughout the year. The area is subjected to an annual precipitation of 2,000 mm of rainfall, 
concentrated in the period from May to August (Vasconcelos & Bezerra 2000). 
Because it was created recently, the forest present in the Recife Botanical Garden  is still 
quite devastated by the history of occupation by small farmers. The pioneer vegetation present in 
the area includes arboreal, shrub, and herbaceous strata (Silva 2006). The Atlantic Rain here is 
described as a dense ombrophilous forest, represented by residual secondary forest in several 
successional stages (Veloso et al. 1991). Being located in the middle of the urban-industrial 
complex of Recife, the forest incorporated by Recife Botanical Garden is considered an urban 
forest (Alheiros et al. 1995; Alves et al. 2012). 
Field collections 
Field excursions took place between December 2015 and January 2016, during the dry 
season. Botanical material was collected in order to prepare moist chamber cultures subsequently 
at the Mycetozoan Laboratory at the University of Arkansas, Fayetteville – AR, USA. Collecting 
followed the general approach proposed by Rossman et al. (1998). The collected material was 
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packed in boxes and plastic or paper bags with its respective environmental data recorded. Moist 
chamber cultures followed the methodology proposed by Farr (1976); all cultures were observed 
for a period of three months. The specimens observed were photographed, isolated in specific 
media and upon identification, were stored in Eppendorf tubes with cetyltrimethy lammonium 
bromide (CTAB) solution and stored in a freezer at -6ºC. 
Analysis, illustration and specimens identification 
Dissecting and compound light microscopes were used for fruiting body examination and 
morphology-based preliminary identification. Images of fruiting bodies and microstructures were 
taken with a digital camera coupled to the microscope. The classification adopted is what was 
proposed by Dworkin and Kaiser (2008). 
DNA extraction, sequencing and analysis 
 A total of 83 samples were selected for DNA extraction based on fructification 
morphological features. DNA was extracted based on the PureGene technique protocol, 
according to Sambrook and Russel (2001). After extraction, a polymerase chain reaction (PCR) 
was conducted using specific primers (Table 1) to allow the amplification of myxobacteria 16S 
rRNA gene sequences (Wu et al. 2005; Kim et al. 2009). For PCR, 40 cycles (94ºC during 45s, 
58ºC during 60s and 72ºC during 60s) with a final extension of 72ºC during 5 min were 
performed. All samples showed DNA residues; however, only 60 were considered good enough 
for sequencing. DNA sequencing was performed by DNA Sequencing Services-Eurofins MWG 
Operon, in Alabama.  
Sequence editing and analysis 
DNA editing, alignment and analysis were performed using the Geneious software 
program (version 9.1), including a BLAST search against the National Center for Biotechnology 
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Information database (NCBI) to identify the taxonomic groups, and tree building 
(http://www.geneious.com, Kearse et al. 2012). 
For sequences analysis from 16S rRNA gene libraries, the 16S rRNA gene sequences of 
myxobacteria were extracted from the GenBank database. After a complete alignment in the 
Geneious program, the same parts of the 16S rRNA gene sequences were selected for 
phylogenetic analyses using default parameters in the JModelTest 2 software (Guindon & 
Gascuel 2003; Darriba et al. 2012).  
The phylogenetic analysis was carried out by applying the maximum-likelihood 
algorithms to ensure coherency of the clusters formed. The bootstrapping supports for the trees 
were calculated from a sample of 1,000 replicates. The Bayesian analyses presented herein were 
run using MrBayes (Huelsenbeck & Ronquist 2001; Ronquist & Huelsenbeck 2003). The 
resulting phylogenies of all analyses were initially visualized in FigTree v.1.4.3 (Rambaut & 
Drummond 2009), and subsequently edited for publication in either Microsoft PowerPoint or 
Adobe Illustrator. 
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Figure 2. (A) Brazilian map including the Atlantic Rainforest domain; (B) State of Pernambuco 
map, the star highlights the Recife Botanical Garden area located in the district of Curado, 
Recife. 
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Figure 3. (A) Protected forest areas and (B) open areas with clean trails for educational purposes 
at the Recife Botanical Garden, Pernambuco – Brazil.  
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Table 1. 16S PCR primers used to amplify the genetic marker used during the present study. The 
primer name, 5′-3′ sequence and reference is given in the table. 
Primer Sequences (5′‒3′) Tm values Reference 
KimMyxo 16SF AGTTTGATCCTGGCTGAG 60.2 Kim et al. 2009 
KimMyxo 16SR AGAAAGGAGGTGATCCAGCC 62.4 Kim et al. 2009 
MyxoUB-P3-R AGGGTTGCGCTCGTTGCG 64.5 Wu et al. 2005 
MyxoSS-W5-F GTAAGACAGAGGGTGCAAACGT 62.7 Wu et al. 2005 
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Results and Discussion 
 The myxobacterial assemblage associated with decaying plant material in the Recife 
Botanical Garden was characterized based on morphology and confirmed by the sequences of 
16S rRNA gene fragments amplified from the total DNAs of 48 samples. All potential 
myxobacteria fruiting bodies were selected at random from MSA agar cultures prepared with 
plant material collected at the sampling site for 16S rRNA gene amplification and sequencing. 
After BLAST was used to search for the nearest neighbor and compared with their 
morphological characteristics (Kearse et al. 2012). 
The unique sequences were classified into 27 different bacterial OTUs based on 3% 
dissimilarity (Table 2). All unique sequences were classified into two myxobacterial suborders 
(Cystobacteraceae and Sorangiineae), three families, 10 genera and 25 species (Figure 4 and 
Table 3). Among all the strains isolated during the present study, only mbo28, mbo16, mbo42 
and mb79 were affiliated with Cystobacter armeniaca strain DSM 14710, C. velatus strain DSM 
14718, C. velatus strain DSM 14718, and Myxococcus fulvus strain S199 respectively, with a 
similarity of 100%. Due to the low level of genetic diversity present in the area of amplified 
DNA selected, the remaining strains could be affiliated to the nearest sequences present in the 
NCBI with a high level of confidence (99% of similarity or higher). However, two of the 
sequences could not be identified and potentially represent new species. 
Among the total sequences, 54.2% belong to the family Cystobacteraceae, representing 
the dominant family, while the second most abundant family was the Myxococcaceae, 
comprising 31.3% of the total sequences found during the present study. Cystobacter was the 
dominant genus in the bacterial assemblage of the Recife Botanical Garden, accounting for 
29.2% of the total bacteria sequences (Figure 5). 
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Cystobacter is frequently found worldwide, and the species of this genus are known to 
preferentially colonize dung pellets of herbivores. However, they can also be found on decaying 
plant material, on the bark of trees, and rarely on the surface of plant leaves (Rückert 1981; 
Reichenbach & Dworkin 1991). Interestingly, Chondromyces was also abundant in the Recife 
Botanical Garden, accounting for 25% of the total sequences (Figure 5B). Rotting wood is 
usually preferred by species of Chondromyces (Nellis & Garner 1964). Cystobacter fuscus 
Schroeter was the most abundant species among all strains, being responsible for 10% of the 
total strains found in the present study.  
Among myxobacteria, the genus Cystobacter is known not only for fruiting body 
formation but also for production of secondary metabolites, such as cystobactamids,  
antibacterial compounds known to be active against bacterial pathogens, and cystothiazols, 
potent antifungal substances (Backhaus 2000; Treuner-Lange et al. 2017). Because of their 
ubiquitous nature and biomedically and industrially useful chemicals, such as antibiotics, an 
evaluation of myxobacteria populations is important to understand their importance in forest 
communities (Reichenbach & Höfle 1993). 
With their distinct lifestyle, myxobacteria are very successful. They are found nearly 
everywhere, from Antarctica to the tropics, and from sea level to high elevations, in harsh 
environments, and virtually in all vegetation types from temperate and tropical rainforests to 
deserts (Reichenbach 1999). However, in general, the number of taxonomical inventories purely 
based on the diversity of myxobacteria species occupying forest environments is limited, and 
most of the effort has focused on the heterogeneity of these organisms based on soil samples and 
aquatic environments; for instance, according to Reichenbach (2001) the richest myxobacterial 
floras are found in the soil of warm, semiarid areas, ignoring the diversity of species present in 
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the organic material above ground (Carlson & Pacha 1968; Brockman 1976; Dawid et al. 1988; 
Dawid 2000; Wu et al.  2005). 
In a comparable study, Rückert (1981) inferred that about half the leaves taken from 
various shrubs and trees in Germany yielded myxobacteria. The author reported that although he 
observed the presence of myxobacteria colonizing decaying plant material (e.g., rotting wood 
and bark from dead and living trees), the myxobacteria are essentially soil bacteria; hence the 
diversity of species found in plant organic matter is often low when compared to soil samples. 
Similarly, Neil et al. (2005) analyzed and compared the myxobacterial biodiversity of an 
established oak-hickory forest and savanna restoration sites using soil and bark samples.  Their 
results suggested a significantly greater diversity of myxobacteria present on the soil samples 
when compared to the bark of the trees. These observations corroborate the results in the present 
study and previously indicated by several authors in studies in Chile, Germany, India, and the 
United States (Peterson 1959, 1965; Singh & Singh 1971; Rückert 1978; Dawid 1979). 
Interestingly, the species composition of the myxobacterial flora present in each substrate 
appears to be niche-specific. According to Rückert (1978), the pattern of species found in 
specific microhabitats depends mainly on ecological factors (e.g., kind of dung pellets, soil 
chemical composition, bark, litter, and mainly on pH and moisture). Common species such as 
Myxococcus fulvus, M. coralloides, and Archangium gephyra do not seem to have demonstrated 
preference for particular occupied substrates, and instead are found abundantly in the most 
diverse environments and microhabitats (Reichenbach 1999). Furthermore, species with the 
capacity to produce chemical compounds, such as those mentioned above, would appear to have 
a certain ecological advantage, which would justify their adaptability and abundance in less 
favorable environments (Peterson 1959; Reichenbach 1999). While species considered as rare 
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(e.g., Myxococcus virescens Thaxter, Melittangium lichenicola [Thaxter] McCurdy, and 
Cytobacter fuscus) display a more restricted distribution. 
Even though morphology-based identification remains useful, especially when dealing 
with recognizable species, usually characterized by larger stalked fruiting bodies, a phylogenetic 
analysis was used on purified isolates to ensure the accurate identification, particularly in regards 
to the smaller and more conspicuous species. 
Unfortunately, the gelatinous nature of the mucous surrounding myxobacteria allowed for 
trapped contaminants from the bark sample to easily be transferred to nutrient plates when the 
fruiting body was picked off of its substrate (Zhang et al. 2003). This resulted in a higher rate of 
contamination, and consequently, a lower number of purified strains than would have been 
desired. The 16S rRNA gene sequence analysis was the standard for bacterial phylogenetic 
placement and served a useful method for myxobacterial classification. 
A phylogenetic tree was constructed from 16S rRNA gene sequences of myxobacteria 
sequences from both populations present at the Recife Botanical Garden and sequences selected 
from the NCBI (Figure 7). The present phylogenetic tree includes 107 strains, 34 valid species 
and 20 genera. The robustness of maximum likelihood tree was supported by the PHYML 
method which both produced almost the same topology (data not shown). With 100% bootstrap 
support, it affirms the division of the order Myxococcales into three suborders. As expected, the 
phylogenetic analyses and Bayesian tree inferred from 16S rRNA gene sequences revealed that 
15 of the analyzed strains were members of the suborder Sorangiineae and 32 belonged to 
Cystobacterineae, and both branches appeared to be monophyletic. Not surprisingly, no strains 
from the Recife Botanical Garden were grouped into the suborder Nannocystineae, composed of 
halophilic or halotolerant mostly marine-derived myxobacteria (Dávila-Céspedes et al. 2016). 
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The topology of the phylogenetic tree constructed in the present study agrees with most 
of the phylogenies presented in recent studies (Spröer et al. 1999; Garcia et al. 2010). Besides, as 
seen in the established and accepted families, a total of nine clusters or clades, most of which are 
probably of family rank, are delineated in the suborders by at least 4% phylogenetic distance. 
Further analysis with the inclusion of additional sequences belonging to all the various 
clades included among the myxobacteria is necessary for a more holistic and accurate conclusion 
about the placement and phylogenetic relationships among the organisms included in this 
particular group of bacteria. However, this methodology and data analysis were particularly 
useful in distinguishing morphologically similar species, for example the species belonging to 
the genus Cystobacter (C. armeniaca, C. badius Reichenbach, C. ferrugineus [Krzemieniewska 
and Krzemieniewski] McCurdy, C. fuscus; C. miniatus Reichenbach, C. velatus Reichenbach) 
and Myxococcus (M. fulvus, M. macrosporus [Krzemieniewska and Krzemieniewski] Zahler and 
McCurdy, M. virescens, and M. xanthus) (Figures 4 and 5). It also helped to place the two strains 
that could not be identified (mbo03 and mbo62) (Table 2), allowing a better understanding of 
their classification. These two isolates may potentially represent new undescribed species of 
myxobacteria. 
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Figure 4. (A) Archangium gephyra Jahn; (B-E) Chondromyces apiculatus Thaxter; (F-H) C. 
crocatus Berkeley and Curtis; (I-K) C. lanuginosus Kofler; (L-N) C. pediculatus Thaxter; (O) C. 
robustus Reichenbach; (P) Corallococcus exiguus (ex Kofler) Reichenbach; (Q-R) Cystobacter 
armeniaca Reichenbach; (S) C. badius Reichenbach; and (T-U) C. ferrugineus (Krzemieniewska 
and Krzemieniewski) McCurdy.  
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Figure 5. (A-B) Cystobacter fuscus Schroeter; (C-F) C. miniatus Reichenbach; (G-H) C. velatus 
Reichenbach; (I) Jahnella thaxteri (Jahn) Reichenbach; (J-K) Melittangium alboraceum 
(Peterson) McCurdy; (L-M) M. boletus Jahn; (N) M. lichenicola (Thaxter) McCurdy; (O) 
Myxococcus fulvus (Cohn) Jahn; (P) M. macrosporus (Krzemieniewska and Krzemieniewski) 
Zahler and McCurdy; (Q) M. virescens Thaxter; (R) M. xanthus Beebe; (S) Polyangium fumosum  
Krzemieniewska and Krzemieniewsk; (T) Sorangium cellulosum (Brockman) Reichenbach; (U) 
Stigmatella aurantiaca Berkeley and Curtis; and (V) S. erecta (Schroeter) McCurdy. 
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Figure 6. Composition of the myxobacterial assemblage present in the Recife Botanical Garden 
at the family (A) and genus (B) levels based on sequencing. 
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Figure 7. Bayesian tree inferred from 16S rRNA gene sequences showing the positions of 
representative myxobacterial strains and unassigned isolates in the order Myxococcales found at 
the Recife Botanical Garden (blue dots). The sequence of Desulfovibrio desulfuricans 
(Beijerinck) Kluyver and van Niel roots the tree. The numbers at branch points indicate the level 
of bootstrap support values. Bar, 0.02 substitutions per nucleotide position. The bar is equivalent 
to two nucleotide changes per 100 bp. 
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Table 2. Diversity of myxobacteria strains isolated from bark at the Recife Botanical Garden 
based on 16S rRNA gene sequences. 
Strain Most closely related taxa Identity (%) Accession No. 
mbf02 Archangium gephyra strain Arg2 99.8 KF267720 
mbc01 Chondromyces apiculatus strain Cm a14 99.7 NR_025344 
mbo05 Chondromyces apiculatus strain Cm a14 99.7 NR_025344 
mbo15 Chondromyces apiculatus strain DSM 436 99.3 KP306729 
mbo11 Chondromyces crocatus strain Cm c5 99.8 GU207874 
mbo43 Chondromyces crocatus strain Cm c5 99.8 GU207874 
mbr65 Chondromyces crocatus strain Cm c5 99.8 GU207874 
mbo02 Chondromyces lanuginosus strain KYC2904 99.7 FJ176774 
mbo51 Chondromyces lanuginosus strain KYC2904 99.7 FJ176774 
mbo68 Chondromyces lanuginosus strain KYC2904  99.7 FJ176774 
mbo67 Chondromyces pediculatus strain Cm p51 99.8 GU207875 
mbr31 Chondromyces pediculatus strain Cm p51 99.8 GU207875 
mbo34 Chondromyces robustus strain Cm a22 99.8 AJ233941 
mb83 Corallococcus exiguus strain AB050A 99.8 MF163387 
mbo25 Cystobacter armeniaca strain DSM 14710 99.7 NR_043939 
mbo28 Cystobacter armeniaca strain DSM 14710  100 NR_043939 
mbo21 Cystobacter badius strain DSM 14723 99.3 NR_043940 
mbr62 Cystobacter ferrugineus strain Cb fe18 99.8 NR_025343 
mbr58 Cystobacter ferrugineus strain Cb fe27 99.8 AJ233902 
mbo24 Cystobacter fuscus strain Cb f10 99.8 AJ233898 
mbo33 Cystobacter fuscus strain Cb f6 99.8 AJ233897 
mbo53 Cystobacter fuscus strain Cb f6 99.8 AJ233897 
mbo26 Cystobacter fuscus strain Cbf10 99.8 KF267721 
mbo27 Cystobacter fuscus strain Cbf10 99.8 KF267721 
mbo19 Cystobacter miniatus strain DSM 14712 99.7 NR_043942 
mbo23 Cystobacter miniatus strain DSM 14712 99.8 NR_043942 
mbo16 Cystobacter velatus strain DSM 14718 100 NR_043944 
mbo42 Cystobacter velatus strain DSM 14718  100 NR_043944 
mbo66 Jahnella thaxteri strain SBSr007 99.8 GU249614 
mbr44 Melittangium alboraceum strain Me b7 99.5 AJ233907 
mbo03 Melittangium boletus strain DSM 14713 96.4 DQ768125 
mbo17 Melittangium boletus strain DSM 14713 99.7 DQ768125 
mbr49 Melittangium boletus strain Me b8 99.5 AJ233908 
mbo32 Melittangium lichenicola strain ATCC 25946 99.7 AM930269 
mbo35 Melittangium lichenicola strain ATCC 25946 99.7 AM930269 
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Table 2. (Cont.) 
Strain Most closely related taxa Identity (%) Accession No. 
mbr22 Melittangium lichenicola strain ATCC 25946 99.7 AM930269 
mb79 Myxococcus fulvus strain S199 100 KM257732 
mb80 Myxococcus macrosporus strain AB053B 99.8 MF163366 
mb75 Myxococcus virescens strain AB024B 99.8 MF163318 
mb78 Myxococcus virescens strain AB024B 99.8 MF163318 
mb77 Myxococcus xanthus strain NBRC 13542 99.8 NR_112544 
mbo38 Polyangium fumosum strain Pl fu5 99.7 GU207879 
mbr57 Sorangium cellulosum strain x3t8 99 HQ623117 
mbr63 Stigmatella aurantiaca strain DSM 17044 99.7 GU207882 
mbo18 Stigmatella aurantiaca strain Sg a28 99.8 AJ233937 
mbo54 Stigmatella aurantiaca strain Sg a28 99.8 AJ233937 
mb69 Stigmatella erecta strain Pde3  99.8 KF267738 
mbo62 Uncultured Myxococcales bacterium clone 79-96 94.3 AY830814 
 
Table 3. A taxonomic overview of the myxobacteria found at the Recife Botanical Garden, 
Pernambuco, Brazil. 
 Myxococcales 
Suborder Cystobacterineae Sorangineae 
Family Cystobacteraceae Myxococcaceae Polyangiaceae 
Genera (n. of species): Archangium (1) Corallococcus (1) Chondromyces (5) 
 Jahnella (1) Myxococcus (4) Cystobacter (6) 
 Melittangium (3)  Polyangium (1) 
 Stigmatella (2)  Sorangium (1) 
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Conclusions 
Myxobacteria, also referred to as slime bacteria, are gram-negative prokaryotes that are 
on the borderline between unicellular and multicellularity (Kaiser 2003). They differ from other 
bacteria in being social organisms (Alber et al. 2004). The individuals included in this bacterial 
group benefit from aggregation as it allows accumulation of the extracellular enzymes that are 
used to digest food; this, in turn, increases feeding efficiency (Koch & White 1998). They tend to 
maintain close contact with each other and to aggregate into swarms upon nutrient starvation 
(Dworkin & Gibson 1964). Under harsh conditions, myxobacteria cells are known to cooperate 
to build up multicellular fruiting bodies comprising several sporangioles that contain the 
myxospores (Wu et al.  2009). When the environmental conditions are favorable, the 
myxospores germinate to build up a new swarm of vegetative cells (Dworkin & Kaiser 1985; 
Dworkin 1996). 
The myxobacteria are considered as a cosmopolitan group of organisms, predominantly 
living in soil, feeding on insoluble organic substances, but some examples can also be found 
colonizing decaying wood, leaf litter and even occupying the bark of living trees where organic 
material is abundant (Freese et al. 1997). It is also important to mention that the myxobacteria 
produce a number of biomedically and industrially useful secondary chemical compounds, such 
as antibiotics and fungicides, hence the importance of the research regarding these class of 
microorganisms (Gaspari et al. 2005). 
Since the standard morphological identification of myxobacteria remains a significant 
challenge, mainly because of its high heterogeneity caused by artificial laboratory cultivation and 
the difficulty in differentiating small and conspicuous species, molecular tools and analysis have 
offered valuable information about their taxonomy, phylogeny, and evolutionary history. 
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In conclusion, it can be stated that species of myxobacteria are present in the Atlantic 
Rainforest in Brazil, associated with decaying botanical material and that it is possible to detect 
them using the methodology described herein. From 48 samples, 25 species of myxobacteria 
were identified using taxonomic methods and confirmed by molecular techniques. Two strains 
could not be identified and possibly represent new species of myxobacteria. 
Our genetic analysis has confirmed that myxobacteria are a phylogenetically coherent 
group. In general, morphology-based characterization alone is not conclusively reliable for the 
classification of an isolate. Thus, it is highly recommended to combine phenotypic, chemo-
physiological, and genetic characteristics in order to identify a particular myxobacterial strain. 
The Atlantic Rainforest is a highly potent source for the isolation of unknown species, 
genera and even families of myxobacteria. Nevertheless, our results show that this habitat 
contains interesting myxobacteria concerning their possible potential as producers of new 
secondary metabolites even in habitats that may be harbor less diversity than soil. 
The scarcity of published myxobacteria population data in plant matter substrates and 
tropical forests makes comparisons with the findings presented here very difficult. These 
findings indicate a need to further explore myxobacteria species in tropical forests and their 
potential role and function in these environments. Although the methods described here provide 
a sound basis that will facilitate such work, analysis of myxobacteria populations in tropical 
forests remains limited. 
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IV. Microhabitat Distribution of Ceratiomyxomycetes and Myxomycetes in the Amazon 
Tropical Forest of Brazil 
 
Abstract 
The Brazilian Amazon forest is one of the most biologically diverse and threatened 
domains on the planet. Despite the constant efforts to increase what is known regarding the 
biodiversity present in the Amazon rainforest, there are still relatively few studies about its 
microbiota, especially when dealing with the Eumycetozoans, Ceratiomyxomycetes and 
Myxomycetes. Therefore, the present study aimed to increase our knowledge about these two 
classes of microorganisms associated with different microhabitats in a fragment of the Amazon 
forest located in Viruá National Park in Caracaraí, in the state of Roraima, Brazil. Data were 
collected between 2012 and 2014. In total, 1220 specimens were recorded, and 110 species were 
identified, of which sixty-eight represent new records for the Amazon Domain and twelve were 
listed for the first time in Brazil, increasing the available knowledge about the distribution of 
these groups in the northern portion of the country. Even though there is no reliable information 
relating to the conservation status of any species belonging to these groups, some species appear 
to be extremely rare. Among the eleven microhabitats studied, aerial litter and coarse wood 
debris were the most productive, being responsible for 38% of the total number of specimens. 
Arcyria cinerea and Cribraria microcarpa were the only species present in all microhabitats. 
 
Introduction 
Biodiversity can be understood as the variety of organisms living in a particular region at 
a given time interval (Hamilton 2005). The greater the number of organisms present, the more 
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biologically diverse the region becomes. The quantification of biodiversity is evaluated by 
considering the number of ecosystems, living species, genetic heritage, and endemism, which 
constitute  the unique biological occurrences of each region (Kaennel 1998).  
     The origin of biodiversity is currently explained by the theory of Pleistocene refuges, 
formulated by the German ornithologist Jürgen Haffer, in which groups of animals were isolated 
in vegetated islands and underwent thru the speciation process. As the islands were again re-
grouped into a single area, the basis of floristic and animal diversity was already established 
(Haffer 1969). 
     Early biodiversity calculations dating from 1987 estimated that approximately five 
million species of living organisms currently populate the planet (May 1988). Recent studies 
show that global biodiversity could be as high as 100 million species (Lohan 2003). However, 
even though new species are being discovered every day, others disappear without a formal 
record of their existence (Strain 2011; Sutherland et al. 2017). 
 Humanity harvests food, medicine, and industrial products from nature’s biodiversity, 
and among the millions of organisms that make up the planet's incredible natural wealth, the 
majority are located mainly in tropical forests. Brazil has the most extensive coverage of tropical 
forests in the world, mainly concentrated in the Amazon Region. In addition to its continental 
proportions, geographic and climatic diversity, the country has an immense biological diversity, 
which makes it one of the megadiverse countries on the planet, comprising between 15% and 
20% of the 1.5 million species currently described (Calmon et al. 2011). 
Amazon Tropical Rainforest 
The Amazon Domain covers an area of approximately 7,600,000 km2, spread through ten 
countries in South America. These countries are Brazil, Peru, Colombia, Ecuador, Bolivia, 
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French Guiana, Suriname, Guyana and Venezuela. The Brazilian portion of the Amazon Forest 
comprises the largest area of continuous humid forests on the planet and covers more than 5 
million km2 of the national territory (Rankin-de-Mérona et al. 1992). It encompasses nine 
Brazilian states—Acre (AC), Amazonas (AM), Amapá, Mato Grosso, Pará, Roraima, Rondônia, 
Tocantins and a part of the state of Maranhão (Figure 1). 
The region accounts for 7% of the planet's surface and is estimated to hold about 50% of 
the world's biodiversity (Malhi et al. 2008). The Amazon basin comprises a complex network of 
canals, lakes, and lagoons, which flow from the Andes, Guianas and Central Brazil, undoubtedly 
the largest freshwater source on the planet (concentrating approximately 20% of world water 
availability) (Van Der Hammen & Hooghiemstra 2000). It is also worth mentioning that around 
40 to 300 tree species can be identified in one hectare of Amazon forest (Conti & Furlan 1998). 
The Amazon Domain encompass a variety of ecosystems, among which are the dense 
ombrophilous forests and the open ombrophilous forests, the deciduous and semideciduous 
seasonal forests, the ecotones, the savannas, and the pioneer formations, among others. The 
forest diversity is closely associated with the rainfall and river flood regime and can be grouped 
into three basic formations—the 'igapós', the 'várzea' forests and the 'terra firme' forests (Asner et 
al. 2005). 
The igapós develop in the fluvial plains and occupy about 15,000 km2. Its vegetation is 
characterized by dense ombrophilous alluvial forests, with broad leaves, and the tallest trees can 
reach up to 20 meters in height, with low and dense branching. The floodplain forests ('várzea' 
forests) cover about 55,000 km2, occupy periodically flooded soils, and their floristic 
composition varies according to the length of time it remains flooded. In the more flooded areas, 
the forest resemble the igapós and in the less flooded they resemble the 'terra firme' vegetation. 
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The 'terra firme' forests (non-flooded areas) occupy 90% of the total area of the Amazon basin 
and trees are compact, tall (reaching 50 meters) and laden with epiphytes and woody lianas 
(Conti and Furlan 1998; Asner et al. 2005). 
On a regional scale, one can characterize the climate as ‘Amazonian’, that is, a set of 
characteristics that distinguish it from the other climates in Brazil and South America, high 
average temperatures, in which high annual rates of rainfall and relative humidity predominate. 
Studies of the Amazonian climate have shown that the forest plays a fundamental role in its 
functioning (Salati 2001). The forest climate is a product of its forest and vice-versa, playing a 
vital role in the dynamic balance in the region's climate (Malhi et al. 2008).  
Forest-climate interactions occur mainly through two mechanisms: (1) the forest cover is 
an essential bulk for the soil, thus preventing precipitation from reaching it directly and causing 
erosion and leaching; and (2) the forest functions as a reservoir of heat and moisture, establishing 
a continuous interaction between vapor flows and precipitation (Betts et al. 2004). In addition to 
evaporation, the forest is responsible for evapotranspiration, acting as if it were an ‘hydraulic 
pump’. This demonstrates that the forest is a fundamental element for both the energy balance 
and the water balance. About 75% of the solar radiation that is retained by the surface is spent on 
water evaporation (direct evaporation and evapotranspiration). The rest of the energy is used for 
other processes, such as photosynthesis and air heating (Hasler & Avissar 2007). 
Moreover, the interaction of the oceanic and continental flows, which progress from east 
to west throughout the day and the seasons, contributes to defining the seasonality of the region's 
climate. Given that the interactions between the biosphere and the atmosphere decisively 
influence the functioning of the Amazonian climate, the impacts of economic activities and, 
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primarily, deforestation has produced severe changes that affect its dynamic equilibrium (Maslin 
et al. 2005). 
Other consequences of deforestation in the Amazon are biodiversity loss, erosion and 
leaching effects on soils and silting of rivers (Betts et al. 2004). Moreover, it should be noted that 
deforestation has various impacts on the productive systems, the way of life and the culture of 
the traditional Amazonian populations (e.g., the indigenous and riverside communities). The 
impacts of biodiversity loss are also related to loss of associated traditional knowledge, that is, 
the tribal knowledge of traditional Amazonian communities on the properties of plants and 
animals and their use for medicinal and food purposes (Kirby et al. 2006; Malhi et al. 2008). 
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Figure 1. Geographic representation of the Amazon Tropical Rainforest.  
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Ceratiomyxomycetes 
The ceratiomyxomycetes constitute a monophyletic group including the myxomycetes 
and dictyosteliomycetes within the phylum Eumycetozoa (Tice et al. 2016, Kang et al. 2017). 
The exosporous genus Ceratiomyxa, along with some protosteloid amoebae, compose the class, 
which is characterized by eukaryotic, aclorophylated microorganisms whose life cycle includes a 
mobile, amoeboid or plasmodial phase, and a fixed, sporulating stage (Gray & Alexopoulos 
1968; Leontyev et al. 2019). Members of the class appear to have a cosmopolitan distribution 
and are commonly found in places with an abundance of decomposing organic matter, especially 
tropical forests around the world. 
The group was traditionally included within the myxomycetes as the subclass 
Ceratiomyxomycetidae, with its single order, Ceratiomyxales, proposed by G. W. Martin in 1961 
(Martin & Alexopoulos, 1969). Even though the phylogenetic relationships among these two 
groups are slowly being resolved, its affinity with the myxomycetes is still controversial. 
With a few exemptions (Gottsberger et al. 1992; Cavalcanti 2002; Maimoni-Rodella 
2002; Putzke 2002; Sobestiansky 2005), studies relating to myxomycete distribution carried out 
in Brazil frequently mention the occurrence of Ceratiomyxa, almost always represented solely by 
C. fruticulosa  (O.F.Müll.) T.Macbr., considered by Martin et al. (1983) the most common 
‘myxomycete’ worldwide. A few authors also cite the occurrence of C. sphaerosperma Boedijn 
and C. morchella A.L.Welden in Amazon Rainforest and Atlantic Rainforest areas of the country 
(Martin & Alexopoulos 1969; Farr 1976). Although Farr (1985), Putzke (1996; 2002), Maimoni-
Rodella (2002), and Cavalcanti (2002, 2008, 2015) cite the occurrence of Ceratiomyxomycetes 
in all of the country's regions, the publications and maps presently available do not provide an 
accurate distribution of the class known for the northern region of Brazil. 
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Myxomycetes 
Also known as true slime molds, the myxomycetes are considered a cosmopolitan group, 
being found in humid places where there is the presence of abundant decaying organic matter but 
developing more rarely on living plants (Gray & Alexopoulos 1968; Muchovej & Muchovej 
1987). 
The myxomycetes comprise a homogeneous group, clearly defined as a class, but its 
taxonomic position is still widely discussed in higher hierarchical levels (Alexopoulos et al., 
1996; Margulis & Schwartz, 1998; Martin et al., 1983; Olive 1975). Baldauf (2008) included the 
myxomycetes within the "supergroup" Amebozoa (grouping most of the organisms moving 
through internal cytoplasmic movements); and Fiore-Donno et al. (2009) observed that these 
organisms form a monophyletic group. In more recent research, Leontyev et al. 2019, proposed a 
revised hierarchical classification based on published phylogenies for myxomycete subgroups. 
However, the researchers do not have a complete consensus about the relationships among the 
species classified as slime molds (Fiore-Donno et al. 2005, 2008, 2009; Hoppe & Kutscheram 
2010). 
Currently, close to one thousand species are recognized as valid taxa for this group, found 
in both hemispheres and in most environments (Lado 2005–2019). Although the cosmopolitan 
nature of the group has already been demonstrated by several studies, a detailed analysis shows 
that 1/3 of the species are known only from the type material and about 200 can be considered 
very rare, with records in fewer  than 20 locations worldwide (Cavalcanti 2005). The presence of 
myxomycetes in streets, parks, gardens, backyards, inside homes and schools is reported in 
several countries (Wrigley de Basanta et al. 1998; Härkönen & Vänskä 2004; Tucker et al. 
2011). Myxomycetes are classified as saprophytic organisms; however, some authors refer to the 
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harmful effect and even parasitism of a few species of myxomycetes. For example, Ostrofski & 
Shigo (1982) and Muchovej & Muchovej (1987) reported the damage caused by myxomycetes to 
sugarcane used in the industrial production of sugar and alcohol, and trees and herbaceous plants 
of economic interest, in Brazil and abroad. 
In Brazil approximately 200 species have been recorded, and even though Brazil is the 
South American country best explored thus far regarding the knowledge on myxomycetes, 
studies on myxomycetes in the country are still scarce, particularly those that address ecological 
aspects (Lado, 2002). 
The majority of what is known refers mostly to areas of rainforests in the northeastern 
region of the country, as evidenced by revisions made by Cavalcanti (2002, 2005, 2010, 2015). 
Few authors, including Cavalcanti (1973, 1974, 1978), Maimoni-Rodella & Gosttsberger (1980), 
Mobin & Cavalcanti (1999a, 1999b, 2000, 2001), Pontes et al. (2003), Bezerra (2003), 
Cavalcanti & Mobin (2001, 2004), Bezerra (2005), also investigated different regions and 
vegetation types, where some new taxa were found, confirming the need for further studies 
directed to the microbiota of the areas identified as diversity hot spots in Brazil. 
The myxomycetes behave as predators of bacteria, cyanobacteria, yeasts, filamentous 
fungi and microalgae, in the most diverse ecosystems. This group occupies different niches, 
including lignicolous organisms (when colonizing wood debris), foliicolous organisms (aerial 
and ground litter), corticicolous organisms (surface of living trees), fimicolous organisms (dung), 
muscicolous organisms (mosses), lichenicolous organisms (lichens), myceticolous organisms 
(fungi), nivicolous organisms (snow banks), succulenticolous organisms (bromeliads) and 
floriicolous organisms (inflorescences still attached to the mother plant) (Hertel 1962; Lado & 
Teyssière 1998; Moschera et al. 2000; Schnittler & Stephenson 2001). 
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The role that these species play in the different microhabitats they colonize is still little 
understood. Their interactions with plants, insects and other arthropods, plus fungi, bacteria and 
microalgae are also aspects that remain almost unexplored (Lemos et al. 2010). Thus, the first 
step to better understand them is, no doubt, through the identification of the species present in a 
particular habitat and their placement in the different ecological groups. 
Our knowledge about the microhabitats of different groups of organisms can provide a 
useful tool in conservation planning and management. Therefore, it is important to delimit and 
describe the microhabitats in which the species or group of species occur, register their inventory 
and estimate the degree of overlap between species and microhabitats in which they occur 
(Schnittler & Stephenson 2000). 
The literature reviews related to the Brazilian myxobiota, beyond the classic work of 
Torrend (1915), published at the beginning of the last century, can be found as part of the work 
of Hertel (1954), Cavalcanti (1974), Goes-Neto & Cavalcanti (2002) and Bezerra (2005); the 
contributions of Putzke (1996) and Cavalcanti (2005) are also relevant. An overview and update 
of the species related to the five regions of the country can be obtained by consulting the lists 
prepared by Cavalcanti (2002, 2015), for the North and Northeast, Maimoni-Rodella (2002) for 
the Southeast and Midwest and Putzke (2002) for the myxobiota known in the southern portion 
of Brazil. 
In the last 15 years research has intensified, particularly in areas of the Atlantic 
rainforest; therefore, today the situation is quite different from that observed in the late 
nineteenth and twentieth centuries, particularly in the Northeast and Southeast regions of Brazil. 
In summary, the studies conducted so far show that the myxomycetes are represented by 37 
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genera present in the Brazilian myxobiota, among the 60 recognized by Lado (2005–2019) for 
the entire class (Cavalcanti 2015). 
Objective 
Today, much more is known about the Brazilian ceratiomyxo and myxomycete biotas, 
but virtually nothing is known about the patterns and processes that determine species diversity 
in different ecosystems and microhabitats in the country. This is also true for other countries, 
particularly those located in the Southern Hemisphere, requiring intensive surveys conducted at 
the local level, supplemented by later studies of genetic variation, detecting differentiation 
centers. 
The northern Brazilian region encompasses a considerable variety of microorganisms, 
including the ceratiomyxomycetes and myxomycetes found in areas of Amazon rainforest, which 
constitute an important reservoir of species, associated with plants and animals, alive or dead. It 
is redundant to say that it must also host a plethora of unknown species, and so the first step to be 
taken is obviously to identify and inventory species and incorporate a representative number of 
specimens in scientific collections.   
Thus, the objective of the present chapter is to increase the taxonomic and ecological 
knowledge regarding the ceratiomyxomycetes and myxomycetes occurring in the Neotropics, 
particularly in the Amazon rainforest of Roraima, Brazil among its different microhabitats. 
 
Material and Methods  
Collection site  
The Viruá National Park (01°45’N, 61°08’W) was created in 1998 to protect the natural 
ecosystems of great ecological significance and scenic beauty that occur in Roraima (RR), 
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Brazil, while allowing scientific research, and the development of environmental, education and 
eco-tourism initiatives. The park is located in the municipality of Caracaraí, RR, and protects 
more than 200,000 ha of vegetation transitioning between dense Amazon Rainforest to open 
savanna (Figure 2).   
In the northern part of the park, there are some modest hills with elevations of 
approximately 300 m. Along with the western extension bounded by the Branco River, for 
instance, flood plains can be observed, a physiognomy also present in the southern portion of the 
park, along with the Anauá River. The climate is hot and humid most of the year, with a dry 
season between September to March (Figure 3). 
The Viruá National Park possesses a permanent research site, implemented by the 
Research Program on Biodiversity PPBio/MCT, which is maintained by the Federal 
Government. The research site consists of a trail system and camping site, which facilitates 
access to the forest and minimizes the costs of ecological research. The tracking system forms a 
grid of 5 by 5 km. Along the east-west tracks, every 1 km, there are permanent plots of 40 x 250 
m, where only licensed researchers are allowed entry (Figure 4). 
Field collections 
The first stage of the project was executed as an inventory of the local microbiota, as 
proposed by Rossman et al. (1998). The collections in the National Park Viruá - RR were 
obtained between June of 2012, at the very end of the rainy season, and again in August of 2013, 
during the dry season. Collecting before this period would have been impossible because of the 
torrential rains typical of the rainy season in the Amazon, which runs from approximately mid-
December into mid-May. 
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In the same period described above, fruiting bodies were collected from different types of 
microhabitats, and the former were dehydrated and stored in boxes and sent to the University of 
Arkansas for analysis and identification. Moreover, botanical material was collected in order to 
prepare moist chamber cultures subsequently at the Mycetozoan Laboratory of the University of 
Arkansas. In order to analyze the presence of ceratiomyxomycetes and myxomycetes in all the 
available microhabitats, samples from the different microhabitats were collected. These were 
aerial and ground litter, the bark of living trees, bryophytes, coarse woody debris, fruit, fungi, 
inflorescences, lianas, soil, and twigs. All of the collected material was packed in boxes and 
plastic or paper bags with its corresponding environmental data written on the latter, for posterior 
moist chamber preparation following the methodology developed by Farr (1976). 
The pH was measured for all prepared moist chambers, which were observed for a period 
of three months in laboratory. Subsequently, the specimens collected in the field and from moist 
chamber cultures were stored in exsiccate boxes identified by species name, substrate and 
location, assigned a unique accession number and deposited in the herbarium UARK - University 
of Arkansas, Arkansas, USA. 
  Analysis, illustration and identification of specimens 
Stereomicroscope and optical microscope were used for examination of fruiting bodies 
(Farr 1976). The representatin of fruiting bodies and microstructures were made through images 
taken by a digital camera coupled to the microscope. 
The identification followed the classification adopted by Martin et al. (1983), using 
predominantly the monographs of Martin & Alexopoulos (1969), Farr (1976) and Lado & Pando 
(1997), supplemented with more recent publications. 
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Ecological analysis 
For each microhabitat studied, the frequency of occurrence and constancy of families, 
genera, and species were calculated (Santos & Cavalcanti 1995), as well as the diversity and 
similarity indices for each microhabitat (Stephenson 1988; Ogata et al. 1996). The classification 
of species and microhabitats occupied provided herein was developed, starting from the basic 
proposal of Hertel (1962), complemented by Lado & Teyssière (1998), Mosquera et al. (2000) 
and Schnittler & Stephenson (2002). The abundance of species in each microhabitat was 
calculated according Schnitler & Stephenson (2000), using the formula Di = ni x 100 / N (Di = 
the species “i” distribution, ni = number of samples of species “i” and N = total number of 
samples) and considering the categories: rare (<0.5%), occasional (> 0.5% - 1.5%), common (> 
1.5% - 3%) and abundant (> 3%) (Stephenson et al. 1993). 
After inventorying the species composition of each microhabitat, the different 
microhabitats were compared with the Jaccard similarity index, and the values generated a 
similarity dendrogram (Krebs 1989; Valentin 2000). To compare the diversity of the microbiota 
in different microhabitats, species richness (S) was calculated. For diversity, the Shannon-
Wiener index (H '), was determined, which takes into account both the number of species as the 
evenness between them, incorporating information about species richness and relative 
abundances. The Simpson (D-1) diversity index was also calculated to evaluate the uniformity of 
each microhabitat sampled (Krebs 1989; Zarr 1996) and to determine whether there were 
patterns in diversity according to the microhabitats studied. The correlations between the 
microhabitats were also analyzed through the comparison of species richness by Jaccard's Index 
of similarity, where J(A,B) = P(AÇB)|P(AÈB) (Guha et al. 2000). 
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Species occurrence and frequency of individuals per species in the landscape unit 
sampled (in the field and moist chamber culture) were statistically analyzed by a t-test, and a G 
test was used to verify whether there are differences in the richness and diversity of species in 
different microhabitats (Sokal & Rohlf 1996). 
For community analysis, a Correspondence Analysis was performed, using the twenty 
most abundant species and excluding the microhabitats with fewer than 20 occurrences. This 
analysis generated scores for the species that occupy each microhabitat, being a visual 
representation of the relationship among these two sets of data. The eigenvalues calculated for 
each dimension (axis) are reflections of the explanatory power of the data variation. 
Additionally, a dendrogram from agglomerative hierarchical clustering analysis of the 
communities associated with the different microhabitats (excluding the ones with fewer than 20 
occurrences) was used to assess the relationships among the communities of species that occupy 
each microhabitat. For all statistical analyzes, Excel software with the XLSTAT, 2019.2.1 
software extension was used (Addinsoft 2019). 
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Figure 2. (A) Brazilian map including the Amazon Rainforest domain; (B) State of Roraima 
map, including the Viruá National Park area.  
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Figure 3. Amazon rainforest physiognomy: (A-D) Tropical ombrophilous forest; (E) Ground 
litter on the forest floor; (F) Flooded area by the rains of winter in June 2012; (G) Branco River; 
and (H) Anauá River. 
H  
D  C  
F  E  
G  
B  A  
 181 
 
Figure 4. Permanent grid in the research area, consisting of a trail system of 5 by 5 km; traversed 
and researched trails are dotted in red. 
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Results and Discussion  
A total of 1221 specimens of ceratiomyxomycetes and myxomycetes were recorded, 
occupying eleven different microhabitats—aerial (AL) and ground litter (GL), the bark of living 
trees (BA), bryophytes (BR), coarse woody debris (CO), fruit (FR), fungi (FU), inflorescences 
(IN), lianas (LI), soil (SO), and twigs (TW) collected from the Viruá National Park (Table 1). 
Among them 110 species and four varieties were identified, representing 30 genera (S/G 
= 3.67), 67 of which constituted new records for the Amazon domain and twelve were recorder 
for the first time in Brazil (Figures 5, 6 and 7). Altogether, the species diversity of the Viruá 
National Park was high (H' = 3.97), the species evenness indicated a slight disparity between the 
number of individuals within each species present in the study area (E = 0.61), symbolizing a 
slender balance between the species that dominate the site. The Simpson’s diversity index was 
also high (1-D = 0.96). This index takes into account the number of species present, as well as 
the relative abundance of each species, confirming the richness and evenness of the community 
of microorganisms present in the park (Table 2).  
At least 64 (57.1%) of the 114 taxa were classified as rare for whole area. Twenty-six 
were considered occasional, thirteen were common, and only seven were classified as abundant 
(Table 3). These were Arcyria cinerea (Bull.) Pers., A. denudate (L.) Wettst., Comatricha 
pulchella (C.Bab.) Rostaf., Cribraria microcarpa (Schrad.) Pers., Echinostelium minutum de 
Bary, Perichaena chrysosperma (Curr.) A. Lister and Physarum viride (Bull.) Pers.  Together, 
these represented 38.75% of the total specimens found in this study. All of these species are 
widely distributed and often abundant in tropical rainforests; they are also well known in the 
Amazon (Rojas & Stephenson 2013; Lado et al. 2017) 
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There was no significant difference between the assemblages of Eumycetozoans observed 
in the two different seasons, which can be attributed to the lack of seasonality and relatively 
homogeneous climate of the Amazon throughout the year (Salati 2001).  
Representatives of the ceratiomyxomycetes were responsible for only 2.3% of the total 
samples, represented by three of the four species recognized for the group—C. fruticulosa (17 
specimens), C. morchella (3 specimens) and C. sphaerosperma (8 specimens). All three species 
were found in the field and sporulating in moist chamber cultures; C. morchella and C. 
sphaerosperma were observed only on coarse woody debris and ground litter while C. 
fruticulosa, a primarily tropical species known for its wide distribution throughout the coast of 
Brazil (Cavalcanti et al. 2008), sporulated over the bark of living trees, coarse woody debris, and 
lianas, the first of these being its favorite microhabitat (13 occurrences) (Tables 4 and 5). 
The myxomycetes represented the great majority (97.7%) of the species recorded during 
the two years of research at the Viruá National Park. The species of myxomycetes were 
distributed in 29 genera and 12 families, which corresponds to 92.3% of the families currently 
recognized by Leontyev et al. (2019) and all families already known from Brazil (Cavalcanti 
2015). Among these it is important to highlight the presence of Arcyria marginoundulata Nann.-
Bremek et Y. Yamam, Comatricha ellae Härk, Collaria lurida (Lister) Nann -Bremek, 
Didymium sturgisii Hagelst, Hemitrichia intorta (Lister) Lister, H. paragoga M.L. Farr, Licea 
eleanorae Ing, Perichaena dictyonema Rammeloo, Physarum lakhanpalii Nann.-Bremek. & Y. 
Yamam., P. superbum Hagelst., Symphytocarpus trechisporus (Berk. ex Torrend) Nann.-
Bremek., and Trichia munda (Lister) Meyl, all of which were new records for the country. 
The Physaraceae and Trichiaceae represented the families with the highest abundance of 
specimens; together, they corresponded to 53.9% of the total samples found among the 
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microhabitats studied (Figure 8). Both families are known to be commonly found in tropical 
rainforests around the world (Maimoni-Rodella & Gottsberger 1980; Ogata et al. 1996; 
Stephenson et al. 2004; Cavalcanti et al. 2006; Rufino & Cavalcanti, 2007). Many authors 
highlight the representativeness of both families in tropical forests, including the Amazon (Farr 
1976; Pôrto 1982; Rojas & Stephenson 2007; Rojas & Stephenson 2013; Lado et al. 2017). 
Many of the species from those two families are referred to by the authors cited above as having 
a cosmopolitan distribution. 
The Amaurochaetaceae family contributed  to 10.7% of the specimens found. Followed 
by the families Didymiaceae (9.4%), Cribrariaceae (7%), Stemonitidaceae (6.1%), 
Echinosteliaceae (4.8%), Reticulariaceae (2.1%), Liceaceae (1.8%), Clastodermataceae (1.1%), 
Lamprodermataceae (0.7%) and Dianemataceae (0.1%). 
The representativeness of each microhabitat studied at the Viruá National Park can be 
observed in Figures 9 and 10, where all samples were considered. The most specimens were 
collected on aerial litter (20.6%), followed by coarse woody debris (17.3%) and lianas (16.4%). 
All three microhabitats are  known to be favorable to the development of eumycetozoans, 
especially in the Neotropics (Stephenson et al. 1999; Schnittler & Stephenson 2002; Wrigley De 
Basanta et al. 2008; Rojas et al. 2014).  
Ground litter (14.1%), twigs (12.1%), bark of living tree (8.8%) and inflorescences 
(8.1%), although presenting a lower representativity in the present study, can still be considered 
as good microhabitats to support the development of the assemblage of the species found in the 
Amazon. The same inference has been made by previous studies carried out in tropical and 
temperate forests. For example, Lado et al. (2017)  provided a list of species found in the 
Amazon basin located in Ecuador, in which several were found fruiting over the ground litter 
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microhabitat. Stephenson et al. (2008)  and Wrigley de Basanta et al. (2008) demonstrated the 
importance of woody twigs as a viable and productive microhabitat for the development of these 
organisms in tropical and temperate forests. Several authors have highlighted the presence of 
eumycetozoans on the  bark of living trees around the world and in Brazil as well (Keller & 
Brooks 1976; Stephenson 1989; Rufino & Cavalcanti 1998; Schnittler & Stephenson 2000; De 
Lima & Cavalcanti 2015).  Likewise, Schnittler and Stephenson (2002) characterized 
inflorescences as a suitable microhabitat at a number of localities in Costa Rica, Ecuador and 
Puerto Rico. The association of the ceratiomyxomycetes and myxomycetes with this 
microhabitat was also reported in areas of Brazilian rainforest by Cavalcanti et al. (2015).  
On the other hand, bryophytes (0.9%), soil (0.9%), fungi (0.5%), and fruits (0.3%) were 
found to be relatively poor microhabitats for the development of these organisms in the Amazon 
rainforest of the Viruá National Park. Overall, the ceratiomyxomycetes and myxomycetes 
associated with these microhabitats in tropical forests are still not well-known and for some of 
them, such as soil and fruits virtually nothing is known with the exception of a couple of studies 
(Schnittler 2001; Stephenson et al. 2011; Rojas et al. 2014). 
When comparing the distribution of species among the microhabitats analyzed in the 
present study, it is possible to observe that most of the identified species were found colonizing 
coarse woody debris (16.9%) and therefore are classified as lignicolous organisms. Lianas were 
the microhabitat with the second largest number of species (16.5%), followed by the foliícolous 
species (ground and aerial litter, 15.8%, and 15.1%, respectively) and species found colonizing 
twigs (10.7%). The corticicolous and floriicolous communities represented 10.3% and 8.5%, 
respectively, of all species found at the Viruá National Park. Finally, the niches with the smallest 
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number of species are represented in the following order: muscicolous (2.6%), myceticolous 
(2.2%), and the species that were found colonizing fruit peels (0.7%) and soil (0.7%). 
The predominance of lignicolous, corticicolous and foliícolous organisms in the 
occupation of microhabitats observed is not a surprise as regards to the niche preferences of the 
ceratiomyxomycetes and myxomycetes and are similar to those reported for the Brazilian 
tropical microbiota in research carried out by several authors, including Mariz and Cavalcanti 
(1970), Cavalcanti and Oliveira (1985) and Cavalcanti and Marinho (1985). Moreover, it is 
important to note that the microhabitats that characterize these three predominant niches also 
presented the highest diversity indexes, both Shannon-Wiener’s and Simpson’s diversity indexes, 
as well as the species evenness index (Table 2). 
The distribution of species, species richness, diversity and constancy varied considerably 
among the different microhabitats (Tables 1, 2, 4 and 5). Comparatively, coarse woody debris 
(H' = 3.4, D-1 = 0.96, S/G = 2.3, and E = 0.86) and aerial litter (H' = 3.25, D-1 = 0.95, S/G = 
2.56 and E = 0.82) were characterized by the highest diversity indexes; while the corresponding 
values for soil (H' = 0.59, D-1 = 44, S/G = 1 and E = 0.15) were appreciably lower. The Amazon 
soils are known to be nutrient-poor (Lima et al. 2006), and soils and fruit peels (H' = 0.56, D-1 = 
0.5, S/G = 1 and E = 0.14) were the least diverse microhabitats in this study. These results 
correspond with the observations made by Rojas et al. 2014, in which the authors discussed the 
fact that many of the common, and widely known eumycetozoan taxa, including various species 
of Arcyria, Ceratiomyxa, Lycogala, Stemonitis, and Trichia, are predominantly lignicolous. 
Besides, the species generally associated with coarse woody debris tend to be among those 
characteristically producing large fruitings and fruiting bodies of sufficient size to be detected 
more easily by the naked eye (Martin & Alexopoulos 1969). 
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Furthermore, according to Tran et al. (2006), the leaf litter microhabitat provides a  
favorable heterogeneous microenvironment optimal for the development of many species of 
eumycetozoans. Interestingly, the results observed in this study also agree with Black et al. 
(2004), in which the author recognized that in wet tropical forests, aerial litter tends to be more 
productive than ground litter (H' = 3.32, D-1 = 0.95, S/G = 2.15, and E = 0.84), since the 
continuous moisture film characteristic of this type of forests evaporates faster on the aerial litter, 
thus inhibiting the colonization of filamentous fungi detrimental to the development of the 
ceratiomyxomycetes and myxomycetes. 
Fungal hyphae are known to quickly colonize the fruiting bodies of the 
ceratiomyxomycetes and myxomycetes present on a microhabitat, which limits their capacity to 
produce viable spores (Rogerson & Stephenson 1993; Rojas et al 2014). Therefore, the 
widespread establishment of filamentous fungi on the fruit peel microhabitat can be one reason 
for the low species diversity indexes observed for this microhabitat. Through the course of moist 
chamber cultivation, the presence of filamentous fungi was observed in about 97% of the plates 
prepared with fruit peels. The high rate of hyphal colonization can be associated mainly to the 
high content of organic matter subject to decomposition, a high moisture retention capacity, and 
a low average pH (4.75) characteristic of this microhabitat. All of these factors contribute to the 
growth of the filamentous fungi Aspergillus spp., Cladosporium spp., and Penicillium spp., 
among others, abundantly present in fruit peel moist chambers cultures (Child et al. 1973; Magan 
& Lacey 1984).  
Similarly, the same characteristics can be attributed to fungi as a microhabitat: relatively 
low pH mean (5.21), a high number of fungal colonies (approximately 84% of the moist chamber 
cultures prepared with basidiomata) and low diversity (H' = 1.79, D-1 = 1, S/G = 1.2, and E = 
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0.45). In a comparable study, Costa et al. (2014) discussed the low diversity found on this type of 
microhabitat. The authors analyzed the diversity of myxomycetes in the Atlantic Rainforest 
located in northeastern Brazil, in which only Arcyria denudata (L.) Wettst. and Hemitricha 
calyculata (Speg.) M.L.Farr., usually lignicolous species, were classified as myceticolous, with 
one or two records sporulating on the basidiocarps of members of the Aphyllophorales. 
Another microhabitat that presented a low index of diversity was represented by 
bryophytes (H' = 1.85, D-1 = 91, S/G = 1.75, and E = 0.47), which can be derived from the 
presence of chemical compounds produced and secreted by several species of bryophytes present 
in the Brazilian Amazon forest. Pinheiro et al. (1989) were the first to examine several species of 
Amazonian mosses regarding the production of chemical compounds; their analysis indicated 
that about 40% of them produced substances capable of inhibiting the growth of various bacteria 
and other species of microorganisms. In addition to inhibiting bacterial growth (bacteria are 
known to be the primary food source for the ceratiomyxomycetes and myxomycetes during their 
plasmodial phase), it is not yet known whether the presence of the antibiotics produced by 
bryophytes may impair the growth of the eumycetozoans themselves. 
The remaining microhabitats, lianas (H' = 1.85, D-1 = 91, S/G = 1.75, and E = 0.47); the 
bark of living trees (H' = 1.85, D-1 = 91, S/G = 1.75, and E = 0.47); inflorescences (H' = 1.85, D-
1 = 91, S/G = 1.75, and E = 0.47) and twigs (H' = 1.85, D-1 = 91, S/G = 1.75, and E = 0.47), 
although presenting distinct species communities with some correlations, exhibited a relatively 
high level of diversity and are commonly portrayed in previous studies as suitable microhabitats 
for the development of eumycetozoan species in tropical forests (Schnittler & Stephenson 2002; 
Wrigley De Basanta et al. 2008; Rojas et al. 2014; Cavalcanti et al. 2015; De Lima & Cavalcanti 
2015; Novozhilov et al. 2017). 
 189 
Only two of the 110 species identified in the present study occurred simultaneously in all 
of the microhabitats studied. These were Arcyria cinerea and Cribraria microcarpa. While A. 
cinerea was classified as abundant in all occupied microhabitats, the constancy of C. microcarpa 
varied among the eleven microhabitats analyzed. The latter species was classified as abundant on 
the bark of living trees, bryophytes, coarse woody debris, fruits, fungi and soil; common in 
twigs; occasional on ground litter, inflorescence and lianas; and rare in aerial litter (Tables 4 and 
5). Both species are known to present a cosmopolitan distribution, being found in various types 
of forest worldwide. 
Forty-eight of the total number of taxa (43.6%) were recorded occupying only one 
microhabitat. Among them, forty-four were considered rare for the microhabitats in which they 
are associated, and only four (Alwisia bombarda Berk. & Broome and Physarum viride var. 
aurantium [Bull.] Lister, both recorded occupying coarse wood debris; Hemitrichia minor G. 
Lister on lianas; and Trichia decipiens [Pers.] T.Macbr. on the bark of living trees) were 
classified as occasional. 
All species found occupying bryophytes (Arcyria cinerea, A. denudata, Cribraria 
confusa Nann.-Bremek. & Y.Yamam., C. intricata Schrad., C. microcarpa, Didymium 
ochroideum G.Lister and Macbrideola decapillata H.C.Gilbert), fruits (A. cinerea and C. 
microcarpa), fungi (A. cinerea, C. microcarpa, Hemitricha calyculata, H. paragoga, Physarum 
pusillum [Berk. & Curtis] G.Lister and Stemonitis fusca Röth) and soil (A. cinerea and C. 
microcarpa) were classified as abundant for these microhabitats (Tables 4 and 5). The bark of 
living trees, coarse woody debris, and inflorescences all presented the same highest number of 
abundant species (10 species each). Ground litter showed the most significant number of 
common species (11 species), and lianas exhibited the highest number of accidental species (28 
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species), while the microhabitat with the most significant number of rare species (19 species) 
was coarse woody debris (Tables 4 and 5). 
The Jaccard similarity index was calculated to compare the assemblage of species that 
make up each microbiota present at the Viruá National Park, more specifically to recognize 
which members are shared and which are restricted to a particular microhabitat (Table 6). 
Statistical analyses showed that, although the relative value between the soil and fruit peel 
microhabitats were not significant (they only registered two species, common to both 
microhabitats), all of the additional values attributed to the other communities studied were 
considered significant (p <0, 05). These relatively low values indicate a slight range of 
comparatively low to moderate levels of similarity among the eumycetozoan biotas of the 
Amazon forest in Roraima, Brazil, which indicates that the assemblage of species associated 
with each microhabitat in question is distinct from the others. 
The highest Jaccard's index values were observed between aerial and ground litter (J = 
0.41), and between lianas and twigs (J = 0.35). Aerial and ground litter shared 27 species with 
each other, including four species that were observed only on these two microhabitats (Collaria 
lurida, Comatricha ellae, Lamproderma scintillans [Berk. & Broome] Morgan and Perichaena 
pedata [Lister & G. Lister] Lister ex E. Jahn). While lianas and twigs shared 19 species in 
common, only Willkommlangea reticulata (Alb. & Schwein.) Kuntze was exclusive to both 
microhabitats.  
Correspondingly, the dendrogram from the agglomerative hierarchical clustering analysis 
presented in Figure 11, displays a more comprehensive representation of the similarity between 
the communities associated with the most significant microhabitats. From this analysis, it was 
possible to note that there was a clear division between two major groupings: (1) aerial and 
 191 
ground litter and inflorescences; and (2) coarse woody debris, bark of living trees, lianas and 
twigs. Thus, taking into consideration the physiognomic features shared by the microhabitats in 
each grouping, one can argue that the more similar their physiognomic characteristics, the more 
closely related their microbiota. 
Finally, the corresponding analysis of species occurrences displays the pattern of 
distribution of the most abundant species in the seven different microhabitats (Figure 12). It 
allows for a better understanding of the community behavior in each microhabitat. From the 
correspondence analysis, it is possible to verify that the projected distance between aerial and 
ground litter and the bark of living trees and lianas are very close, indicating that they are 
similar. The same does not occur for coarse woody debris and inflorescences, thus indicating that 
these two microhabitats are quite dissimilar since their projections are in opposite quarters with 
respect to the axis. 
It was possible to observe that Comatricha pulchella, for example, could be correlated 
with both aerial litter and ground litter, while Physarum compressum Alb. & Schwein. is closer, 
and thus more correlated to inflorescences; and Stemonitis fusca var. nigrescens (Rex) Torrend 
was correlated to the bark of living trees, lianas and twigs. Moreover, with respect to coarse 
woody debris, Hemitrichia calyculata (Speg.) M.L.Farr and Cribraria intricata Schrad. were the 
most correlated species. It is also important to mention that this diagram only takes into 
consideration the distribution of the most abundant species, commonly present across various 
habitats, making the distinctions between the assemblages more subtle. This perception further 
stresses the importance of the fundamental role played by the rare and occasional taxon in 
shaping the distinct communities of species present in the different microhabitats. 
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Table 1. Distribution of ceratiomyxomycetes and myxomycetes species distributed among the different microhabitats according to 
records made at the Viruá National Park (Caracaraí, RR). 
TAXON AL BA BR CO FR FU GL IN LI SO TW 
Ceratiomyxomycetes            
Ceratiomyxa            
Ceratiomyxa fruticulosa (O.F.Müll.) T.Macbr. - X - X - - - - X - - 
Ceratiomyxa morchella A.L.Welden - - - X - - X - - - - 
Ceratiomyxa sphaerosperma Boedijn - - - X - - X - - - - 
Myxomycetes            
Amaurochaetaceae            
Collaria arcyrionema (Rostaf.) Nann.-Bremek. ex Lado - X - X - - - - X - X 
Collaria lurida (Lister) Nann -Bremek** X - - - - - X - - - - 
Comatricha elegans (Racib.) G.Lister* X X - - - - X - X - X 
Comatricha ellae Härk** X - - - - - X -  - - 
Comatricha laxa Rostaf.* - X - - - - - - X - - 
Comatricha nigra (Pers. ex J.F.Gmel.) J.Schröt. X X - - - - - - X - - 
Comatricha pulchella (C.Bab.) Rostaf. X X - - - - X X X - X 
Comatricha tenerrima (M.A.Curtis) G.Lister* X - - - - - - X X - X 
Stemonaria longa (Peck) Nann.-Bremek., R. Sharma & Y. Yamam. - - - X - - - - - - - 
Stemonitopsis typhina (F.H.Wigg.) Nann.-Bremek. - - - X - - - - - - - 
Clastodermataceae            
Clastoderma debaryanum A.Blytt* X X - X   X  X  X 
Cribrariaceae            
Cribraria aurantiaca Schrad.* - - - X - - - - - - - 
Cribraria cancellata (Batsch) Nann.-Bremek. - - - X - - X - - - - 
Cribraria confusa Nann.-Bremek. & Y.Yamam.* - X X - - - - - X - - 
Cribraria intricata Schrad. - - X X - - X - - - - 
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Table 1. (Cont.) 
TAXON AL BA BR CO FR FU GL IN LI SO TW 
Myxomycetes            
Cribrariaceae            
Cribraria languescens Rex - - - X - - - - - - - 
Cribraria microcarpa (Schrad.) Pers. X X X X X X X X X X X 
Cribraria tenella Schrad.* X - - X - - - - - - - 
Cribraria violacea Rex* X X - - - - - X - - - 
Dianemataceae            
Calomyxa metallica (Berk.) Nieuwl.* - - - - - - - - X - - 
Didymiaceae            
Diderma effusum (Schwein.) Morgan X - - X - - X X - - X 
Diderma hemisphaericum (Bull.) Hornem.* X - - - - - X X - - - 
Diderma saundersii (Berk. & Broome ex Massee)E Scheld* X - - - - - - - - - - 
Didymium anellus Morgan* - - - - - - X - - - - 
Didymium bahiense Gottsb.* - - - - - - - - - - X 
Didymium clavus (Alb. & Schwein.) Rabenh. - - - - - - - - X - - 
Didymium difforme (Pers.) Gray* - - - - - - - X - - - 
Didymium iridis (Ditmar) Fr.* X - - - - - X X X - X 
Didymium nigripes (Link) Fr. X - - - - - X X - - - 
Didymium ochroideum G.Lister* - - X - - - - - - - - 
Didymium squamulosum (Alb. & Schwein.) Fr.* X - - - - - - - - - - 
Didymium sturgisii Hagelst.** - - - - - - X - - - - 
Echinosteliaceae            
Echinostelium minutum de Bary* X X - - - - X - X - X 
Lamprodermataceae            
Lamproderma scintillans (Berk. & Broome) Morgan* X - - - - - X - - - - 
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Table 1. (Cont.) 
TAXON AL BA BR CO FR FU GL IN LI SO TW 
Myxomycetes            
Liceaceae            
Licea biforis Morgan* - - - - - - X - - - X 
Licea eleanorae Ing** - - - - - - X - - - - 
Licea floriformis var. aureospora M.T.M. Willemse & Nann.-Bremek.* X - - - - - - - X - - 
Licea operculata (Wingate ) G.W.Martin* X X - X - - X X X - - 
Physaraceae            
Craterium aureum (Schumach.) Rostaf. - - - - - - X X - - - 
Diachea leucopodia (Bull.) Rostaf.* X - - - - - X - - - X 
Fuligo septica (L.) F.H.Wigg. - - - X - - - - - - - 
Physarella oblonga (Berk. & M.A.Curtis) Morgan - - - X - - - - - - - 
Physarum album (Bull.) Chevall. X X - X - - - - X - X 
Physarum bivalve Pers.* X - - - - - - - X - - 
Physarum cinereum (Batsch) Pers. X - - - - - - - - - X 
Physarum compressum Alb. & Schwein. X - - - - - X X X - X 
Physarum crateriforme Petch* - - - - - - - X X - - 
Physarum decipiens M.A.Curtis* - - - - - - - - - - X 
Physarum flavicomum Berk.* - - - X - - - - - - - 
Physarum galbeum Wingate* X - - - - - X X - - - 
Physarum globuliferum f. flavum Leontyev & Dudka* X - - X - - X X X - - 
Physarum hongkongense Chao Chung* - - - X - - - - - - - 
Physarum lakhanpalii Nann.-Bremek. & Y. Yamam.** - - - - - - - - X - - 
Physarum melleum (Berk. & Broome) Massee X - - - - - X X X - X 
Physarum nicaraguense T.Macbr. - - - - - - - X X - - 
Physarum notabile T.Macbr.* - - - - - - - - X - - 
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Table 1. (Cont.) 
TAXON AL BA BR CO FR FU GL IN LI SO TW 
Myxomycetes            
Physaraceae            
Physarum nucleatum Rex - - - X - - - - - - - 
Physarum oblatum T.Macbr.* - - - X - - X - X - - 
Physarum polycephalum Schwein.* - - - - - - X - - - - 
Physarum pusillum (Berk. & Curtis) G.Lister* - - - X - X - X X - X 
Physarum roseum Berk. & Broome* - - - X - - - - X - X 
Physarum stellatum (Massee) G.W.Martin - - - X - - - - - - - 
Physarum superbum Hagelst.** X - - - - - - - - - X 
Physarum tenerum Rex - - - - - - - - X - - 
Physarum viride (Bull.) Pers. X X - X - - X - X - X 
Physarum viride var. aurantium (Bull.) Lister - - - X - - - - - - - 
Willkommlangea reticulata (Alb. & Schwein.) Kuntze* - - - - - - - - X - X 
Reticulariaceae            
Alwisia bombarda Berk. & Broome - - - X - - - - - - - 
Lycogala conicum Pers.* - - - - - - - - X - - 
Lycogala epidendrum (L.) Fr. - - - X - - - - - - X 
Lycogala exiguum Morgan* - - - X - - X - - - - 
Tubifera microsperma (Berk. & M.A.Curtis) G.W.Martin - - - X - - - - - - - 
Stemonitidaceae            
Macbrideola decapillata H.C.Gilbert* X - X - - - X - - - - 
Macbrideola scintillans H.C.Gilbert* - - - - - - - - - - X 
Stemonitis axifera (Bull.) T.Macbr. - - - X - - - - - - - 
Stemonitis flavogenita E.Jahn - - - X - - - - X - - 
Stemonitis fusca Röth - X - X - X X - X - - 
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Table 1. (Cont.) 
TAXON AL BA BR CO FR FU GL IN LI SO TW 
Myxomycetes            
Stemonitidaceae            
Stemonitis fusca var. nigrescens (Rex) Torrend X X - X - - X - X - X 
Stemonitis herbatica Peck - X - X - - - - X - - 
Stemonitis smithii T. Macbr.* - X - - - - - - - - - 
Stemonitis splendens Rostaf. - X - - - - - - - - - 
Stemonitis uvifera T. Macbr.* - - - - - - - - X - - 
Symphytocarpus trechisporus (Berk. ex Torrend) Nann.-Bremek.** - - - X - - - - - - - 
Trichiaceae            
Arcyria afroalpina Rammeloo* X - - - - - - - - - - 
Arcyria cinerea (Bull.) Pers. X X X X X X X X X X X 
Arcyria denudata (L.) Wettst. - X X X - - X - X - X 
Arcyria globosa Schwein - - - X - - - - - - - 
Arcyria insignis Kalchbr. & Cooke* X - - - - - X - X - - 
Arcyria margino-undulata Nann, -Bremek et Y. Yamam** X - - - - - X - X - - 
Arcyria obvelata (Oeder) Onsberg - - - X - - - - - - - 
Arcyria pomiformis (Leers) Rostaf.* X - - - - - - - - - - 
Hemitrichia calyculata (Speg.) M.L.Farr - X - X - X - - - - X 
Hemitrichia intorta (Lister) Lister** - - - - - - X - - - - 
Hemitrichia leiocarpa (Cooke) Lister* - X - - - - - - - - - 
Hemitrichia minor G.Lister* - - - - - - - - X - - 
Hemitrichia paragoga M.L. Farr** - - - X - X - - - - - 
Hemitrichia pardina (Minakata) Ing* - - - X - - X X X - X 
Hemitrichia serpula (Scop.) Rostaf. - - - X - - - - - - - 
Metatrichia vesparia (Batsch) Nann.-Bremek. ex G.W.Martin & Alexop. - - - - - - - - X - - 
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Table 1. (Cont.) 
TAXON AL BA BR CO FR FU GL IN LI SO TW 
Myxomycetes            
Trichiaceae            
Perichaena chrysosperma (Curr.) A.Lister* X X - - - - X X X - X 
Perichaena corticalis (Batsch) Rostaf.* - X - - - - - - - - - 
Perichaena depressa Lib.* X X - X - - - X X - - 
Perichaena dictyonema Rammeloo** - X - - - - - - - - - 
Perichaena longipes L.M. Walker, Leontyev & S.L.Stephenson* X - - - - - X X - - - 
Perichaena microspora Penz. & Lister* X - - - - - - - - - - 
Perichaena pedata (Lister & G. Lister) Lister ex E. Jahn* X - - - - - X - - - - 
Trichia decipiens(Pers.) T.Macbr.* - X - - - - - - - - - 
Trichia favoginea (Batsch) Pers - X - X - - - - - - - 
Trichia munda (Lister) Meyl** - - - - - - X - - - - 
* New record for Amazon 
** New record for Brazil 
Note: AL = Aerial Litter; BA = Bark of living trees; BR = Bryophytes; CO = Coarse wood debris; FR = Fruit; FU = Fungi; GL = Ground litter; IN = 
Inflorescence; LI = Lianas; SO = Soil; T = Twigs.
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Table 2. Comparison of the assemblages of aerial and ground litter-, bark-, bryophyte-, wood-, 
fruit-, fungi-, inflorescence-, lianas-, soil-  and twig-inhabiting ceratiomyxomycetes and 
myxomycetes of the Viruá National Park, RR. 
  AL BA BR CO FR FU GL IN LI SO TW Total 
Mc 100 100 100 100 100 100 100 100 100 100 100 1100 
PMc 79 88 11 93 4 6 97 84 98 11 93 664 
R 252 107 11 211 4 6 172 99 200 11 148 1221 
S 41 28 7 46 2 6 43 23 45 2 29 110 
G 16 14 4 20 2 5 20 10 17 2 17 30 
S/G 2.56 2 1.75 2.3 1 1.2 2.15 2.3 2.65 1 1.71 3.67 
H´ 3.25 2.89 1.85 3.4 0.56 1.79 3.32 2.79 3.25 0.59 2.79 3.97 
D-1 0.95 0.92 0.91 0.96 0.5 1 0.95 0.93 0.94 0.44 0.89 0.96 
E 0.82 0.73 0.47 0.86 0.14 0.45 0.84 0.7 0.82 0.15 0.7 0.61 
Note: AL = Aerial Litter; BA = Bark of living trees; BR = Bryophytes; CO = Coarse wood debris; FR = Fruit; FU = 
Fungi; GL = Ground litter; IN = Inflorescence; LI = Lianas; SO = Soil; TW = Twigs; Mc = number of moist 
chamber cultures prepared; PMc = number of positive moist chamber cultures; R = total number of records; S = 
number of species; G = number of genera; S/G = species/genus ratio; H´ = Shannon-Wiener’s diversity index; D-1 = 
Simpson’s diversity index; E = Species evenness.
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Table 3. Representability of the species of ceratiomyxomycetes and myxomycetes found at the 
Viruá National Park (Caracaraí, RR). 
TAXON Abbreviation 
Abundance 
Constancy 
Nº Ind. SR (%) RA 
Alwisia bombarda ALWbom 8 0.67% 0.0067 OCC 
Arcyria afroalpina ARCafr 4 0.34% 0.0034 RAR 
A. cinerea ARCcin 163 13.73% 0.1373 ABU 
A. denudata ARCden 1 0.08% 0.0008 RAR 
A. globosa ARCglo 44 3.71% 0.0371 ABU 
A. insignis ARCins 16 1.35% 0.0135 OCC 
A. marginoundulata ARCmar 18 1.52% 0.0152 COM 
A. obvelata ARCmar 1 0.08% 0.0008 RAR 
A. pomiformis ARCpom 2 0.17% 0.0017 RAR 
Calomyxa metallica CALmet 1 0.08% 0.0008 RAR 
Ceratiomyxa fruticulosa CERfru 17 1.43% 0.0143 OCC 
C. morchella CERmor 3 0.25% 0.0025 RAR 
C. sphaerosperma CERsph 8 0.67% 0.0067 OCC 
Clastoderma debaryanum CLAdeb 14 1.18% 0.0118 OCC 
Collaria arcyrionema COLarc 11 0.93% 0.0093 OCC 
C. lurida COLlir 6 0.51% 0.0051 OCC 
Comatricha elegans COMele 8 0.67% 0.0067 OCC 
C. ellae COMell 5 0.42% 0.0042 RAR 
C. laxa COMlax 3 0.25% 0.0025 RAR 
C. nigra  COMnig 7 0.59% 0.0059 OCC 
C. pulchella COMpul 53 4.47% 0.0447 ABU 
C. tenerrima COMten 26 2.19% 0.0219 COM 
Craterium aureum CRAaur 6 0.51% 0.0051 OCC 
Cribraria aurantiaca CRIaur 1 0.08% 0.0008 RAR 
C. cancellata CRIcan 5 0.42% 0.0042 RAR 
C. confusa CRIcon 4 0.34% 0.0034 RAR 
C. intricata CRIint 19 1.60% 0.0160 COM 
C. languescens CRIlan 4 0.34% 0.0034 RAR 
C. microcarpa CRImic 42 3.54% 0.0354 ABU 
C. tenella CRIten 6 0.51% 0.0051 OCC 
C. violacea CRIvio 5 0.42% 0.0042 RAR 
Diachaea leucopodia  DIAleu 6 0.51% 0.0051 OCC 
Diderma effusum DIDeff 30 2.53% 0.0253 COM 
D. hemisphaericum DIDhem 24 2.02% 0.0202 COM 
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Table 3. (Cont.) 
TAXON Abbreviation 
Abundance 
Constancy 
Nº Ind. SR (%) RA 
D. saundersii DIDsau 1 0.08% 0.0008 RAR 
Didymium anellus DIDane 1 0.08% 0.0008 RAR 
D. bahiense DIDbah 1 0.08% 0.0008 RAR 
D. clavus DIDcla 4 0.34% 0.0034 RAR 
D. difforme DIDdif 1 0.08% 0.0008 RAR 
Echinostelium minutum ECHmin 58 4.89% 0.0489 ABU 
Fuligo septica FULsep 1 0.08% 0.0008 RAR 
Hemitrichia calyculata HEMcal 19 1.60% 0.0160 COM 
H. intorta HEMint 1 0.08% 0.0008 RAR 
H. leiocarpa HEMlei 1 0.08% 0.0008 RAR 
H. minor HEMmin 6 0.51% 0.0051 OCC 
H. paragoga HEMpara 3 0.25% 0.0025 RAR 
H. pardina HEMpard 27 2.27% 0.0227 COM 
H. serpula HEMser 1 0.08% 0.0008 RAR 
Lamproderma scintillans LAMsci 8 0.67% 0.0067 OCC 
Licea biforis LICbif 3 0.25% 0.0025 RAR 
L. eleanorae LICele 1 0.08% 0.0008 RAR 
L. floriformis var. aurospora LICflovau 4 0.34% 0.0034 RAR 
L. operculata LICoper 11 0.93% 0.0093 OCC 
Lycogala conicum LYCcon 1 0.08% 0.0008 RAR 
L. epidendrum LYCepi 10 0.84% 0.0084 OCC 
L. exiguum LYCexi 6 0.51% 0.0051 OCC 
Macbrideola decapillata MACdec 4 0.34% 0.0034 RAR 
M. scintillans MACsci 1 0.08% 0.0008 RAR 
Metatrichia vesparia METves 1 0.08% 0.0008 RAR 
Perichaena chrysosperma PERchr 46 3.88% 0.0388 ABU 
P. corticalis PERcor 3 0.25% 0.0025 RAR 
P. depressa PERdep 20 1.68% 0.0168 COM 
P. dictyonema PERdic 1 0.08% 0.0008 RAR 
P. longipes PERlon 6 0.51% 0.0051 OCC 
P. microspora PERmic 1 0.08% 0.0008 RAR 
P. pedata PERped 9 0.76% 0.0076 OCC 
Physarella oblonga PHYobl 2 0.17% 0.0017 RAR 
Physarum album  PHYalb 9 0.76% 0.0076 OCC 
P. bivalve PHYbiv 2 0.17% 0.0017 RAR 
 
 
 201 
 
Table 3. (Cont.) 
TAXON Abbreviation 
Abundance 
Constancy 
Nº Ind. SR (%) RA 
P. cinereum PHYcin 5 0.42% 0.0042 RAR 
P. compressum PHYcom 19 1.60% 0.0160 COM 
P. crateriforme PHYcra 3 0.25% 0.0025 RAR 
P. decipiens PHYdec 1 0.08% 0.0008 RAR 
P. lakhanpalii PHYlak 1 0.08% 0.0008 RAR 
P. melleum PHYmel 26 2.19% 0.0219 COM 
P. nicaraguense PHYnic 2 0.17% 0.0017 RAR 
P. notabile PHYnot 1 0.08% 0.0008 RAR 
P. nucleatum PHYnuc 1 0.08% 0.0008 RAR 
P. oblatum PHYobl 3 0.25% 0.0025 RAR 
P. polycephalum PHYpol 1 0.08% 0.0008 RAR 
P. pusillum PHYpus 15 1.26% 0.0126 OCC 
P. roseum PHYros 5 0.42% 0.0042 RAR 
P. stellatum PHYste 1 0.08% 0.0008 RAR 
P. superbum PHYsup 2 0.17% 0.0017 RAR 
P. tenerum PHYten 4 0.34% 0.0034 RAR 
P. viride PHYvir 54 4.55% 0.0455 ABU 
P. viride var. aurantium PHYvirvau 7 0.59% 0.0059 OCC 
Stemonaria longa STElon 3 0.25% 0.0025 RAR 
Stemonitis axifera STEaxi 4 0.34% 0.0034 RAR 
S. flavogenita STEfla 4 0.34% 0.0034 RAR 
S. fusca STEfus 13 1.10% 0.0110 OCC 
S. fusca var. nigrescens STEfusvni 34 2.86% 0.0286 COM 
S. herbatica STEher 6 0.51% 0.0051 OCC 
S. smithii STEsmi 1 0.08% 0.0008 RAR 
S. splendens STEspl 1 0.08% 0.0008 RAR 
S. uvifera STEuvi 1 0.08% 0.0008 RAR 
Stemonitopsis typhina STEtyp 2 0.17% 0.0017 RAR 
Symphyytocarpus trechisporus SYMtre 1 0.08% 0.0008 RAR 
Trichia decipiens TRIdec 6 0.51% 0.0051 OCC 
T. flavoginea TRIfla 3 0.25% 0.0025 RAR 
T. munda TRImun 3 0.25% 0.0025 RAR 
Tubifera microsperma TUBmic 1 0.08% 0.0008 RAR 
Willkommlangea reticulata WILret 6 0.51% 0.0051 OCC 
Note: Nº Ind. = number of individuals of each species; SR (%) = Percentage of sample representability (%); RA =  
Relative abundance; RAR =  Rare;  OCC = Occasional; COM = Common;  ABU = Abundant. 
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Table 4. Representability of the species of ceratiomyxomycetes and myxomycetes found among aerial litter, bark of living tress, 
bryophytes, coarse wood debris and fruit at the Viruá National Park (Caracaraí, RR). 
TAXA 
Aerial litter Bark of living tree Bryophytes Coarse woody debris Fruit 
Abundance 
CON 
Abundance 
CON 
Abundance 
CON 
Abundance 
CON 
Abundance 
CON 
Nº SR (%) Nº SR (%) Nº SR (%) Nº SR (%) Nº SR (%) 
Alwisia bombarda - - - - - - - - - 8 3.85% ABU - - - 
Arcyria afroalpina 4 1.65% COM - - - - - - - - - - - - 
A. cinerea 27 11.11% ABU 14 13.08% ABU 3 27.27% ABU 19 9.13% ABU 1 25.00% ABU 
A. denudata - - - 5 4.67% ABU 2 18.18% ABU 19 9.13% ABU - - - 
A. globosa - - - - - - - - - 1 0.48% RAR - - - 
A. insignis 7 2.88% COM - - - - - - - - - - - - 
A. margino-undulata 13 5.35% ABU - - - - - - - - - - - - 
A. obvelata - - - - - - - - - 1 0.48% RAR - - - 
A. pomiformis 2 0.82% OCC - - - - - - - - - - - - 
Calomyxa metallica - - - - - - - - - - - - - - - 
Ceratiomyxa fruticulosa - - - 1 0.93% OCC - - - 13 6.25% ABU - - - 
C. morchella - - - - - - - - - 2 0.96% OCC - - - 
C. sphaerosperma - - - - - - - - - 5 2.40% COM - - - 
Clastoderma debaryanum 1 0.41% RAR 1 0.93% OCC - - - 1 0.48% RAR - - - 
Collaria arcyrionema - - - 4 3.74% ABU - - - 2 0.96% OCC - - - 
C. lurida 2 0.82% OCC - - - - - - - - - - - - 
Comatricha elegans 1 0.41% RAR 4 3.74% ABU - - - - - - - - - 
C. ellae 4 1.65% COM - - - - - - - - - - - - 
C. laxa - - - 1 0.93% OCC - - - - - - - - - 
C. nigra  5 2.06% COM 1 0.93% OCC - - - - - - - - - 
C. pulchella 26 10.70% ABU 1 0.93% OCC - - - - - - - - - 
C. tenerrima 2 0.82% OCC - - - - - - - - - - - - 
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Table 4. (Cont.) 
TAXA 
Aerial Litter Bark of living tree Bryophytes Coarse woody debris Fruit 
Abundance 
CON 
Abundance 
CON 
Abundance 
CON 
Abundance 
CON 
Abundance 
CON 
Nº SR (%) Nº SR (%) Nº SR (%) Nº SR (%) Nº SR (%) 
Craterium aureum - - - - - - - - - - - - - - - 
Cribraria aurantiaca - - - - - - - - - 1 0.48% RAR - - - 
C. cancellata - - - - - - - - - 4 1.92% COM - - - 
C. confusa - - - 1 0.93% OCC 1 9.09% ABU - - - - - - 
C. intricata - - - - - - 1 9.09% ABU 16 7.69% ABU - - - 
C. languescens - - - - - - - - - 4 1.92% COM - - - 
C. microcarpa 1 0.41% RAR 7 6.54% ABU 1 9.09% ABU 13 6.25% ABU 3 75.00% ABU 
C. tenella 1 0.41% RAR - - - - - - 5 2.40% COM - - - 
C. violacea 1 0.41% RAR 1 0.93% OCC - - - - - - - - - 
Diachaea leucopodia  1 0.41% RAR - - - - - - - - - - - - 
Diderma effusum 19 7.82% ABU - - - - - - 1 0.48% RAR - - - 
D. hemisphaericum 20 8.23% ABU - - - - - - - - - - - - 
D. saundersii 1 0.41% RAR - - - - - - - - - - -  
Didymium anellus - - - - - - - - - - - - - - - 
D. bahiense - - - - - - - - - - - - - - - 
D. clavus - - - - - - - - - - - - - - - 
D. difforme - - - - - - - - - - - - - - - 
D. iridis 3 1.23% OCC - - - - - - - - - - - - 
D. nigripes 4 1.65% COM - - - - - - - - - - - - 
D. ochroideum - - - - - - 1 9.09% ABU - - - - - - 
D. squamulosum 4 1.65% COM - - - - - - - - - - - - 
D. sturgisii - - - - - - - - - - - - - - - 
Echinostelium minutum 20 8.23% ABU 3 2.80% COM - - - - - - - - - 
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Table 4. (Cont.) 
TAXA 
Aerial litter Bark of living tree Bryophytes Coarse woody debris Fruit 
Abundance 
CON 
Abundance 
CON 
Abundance 
CON 
Abundance 
CON 
Abundance 
CON 
Nº SR (%) Nº SR (%) Nº SR (%) Nº SR (%) Nº SR (%) 
Fuligo septica - - - - - - - - - 1 0.48% RAR - - - 
Hemitrichia calyculata - - - 3 2.80% COM - - - 13 6.25% ABU - - - 
H. intorta - - - - - - - - - - - - - - - 
H. leiocarpa - - - 1 0.93% OCC - - - - - - - - - 
H. minor - - - - - - - - - - - - - - - 
H. paragoga - - - - - - - - - 2 0.96% OCC - - - 
H. pardina - - - - - - - - - 2 0.96% OCC - - - 
H. serpula - - - - - - - - - 1 0.48% RAR - - - 
Lamproderma scintillans 6 2.47% COM - - - - - - - - - - - - 
Licea biforis - - - - - - - - - - - - - - - 
L. eleanorae - - - - - - - - - - - - - - - 
L. floriformis var. aurospora 1 0.41% RAR - - - - - - - - - - - - 
L. operculata 3 1.23% OCC 2 1.87% COM - - - 1 0.48% RAR - - - 
Lycogala conicum - - - - - - - - - - - - - - - 
L. epidendrum - - - - - - - - - 9 4.33% ABU - - - 
L. exiguum - - - - - - - - - 5 2.40% COM - - - 
Macbrideola decapillata 1 0.41% RAR - - - 2 18.18% ABU - - - - - - 
M. scintillans - - - - - - - - - - - - - - - 
Metatrichia vesparia - - - - - - - - - - - - - - - 
Perichaena chrysosperma 5 2.06% COM 22 20.56% ABU - - - - - - - - - 
P. corticalis - - - 3 2.80% COM - - - - - - - - - 
P. depressa 5 2.06% COM 5 4.67% ABU - - - 3 1.44% OCC - - - 
P. dictyonema - - - 1 0.93% OCC - - - - - - - - - 
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Table 4. (Cont.) 
TAXA 
Aerial litter Bark of living tree Bryophytes Coarse woody debris Fruit 
Abundance 
CON 
Abundance 
CON 
Abundance 
CON 
Abundance 
CON 
Abundance 
CON 
Nº SR (%) Nº SR (%) Nº SR (%) Nº SR (%) Nº SR (%) 
P. longipes 1 0.41% RAR - - - - - - - - - - - - 
P. microspora 1 0.41% RAR - - - - - - - - - - - - 
P. pedata 3 1.23% OCC - - - - - - - - - - - - 
Physarella oblonga - - - - - - - - - - - - - - - 
Physarum album  1 0.41% RAR 5 4.67% ABU - - - 1 0.48% RAR - - - 
P. bivalve 1 0.41% RAR - - - - - - - - - - - - 
P. cinereum 2 0.82% OCC - - - - - - - - - - - - 
P. compressum 1 0.41% RAR - - - - - - - - - - - - 
P. crateriforme - - - - - - - - - - - - - - - 
P. decipiens - - - - - - - - - - - - - - - 
P. flavicomum - - - - - - - - - 1 0.48% RAR - - - 
P. galbeum 15 6.17% ABU - - - - - - - - - - - - 
P. globuliferum f. flavum 9 3.70% ABU - - - - - - 2 0.96% OCC - - - 
P. hongkongense - - - - - - - - - - - - - - - 
P. lakhanpalii - - - - - - - - - - - - - - - 
P. melleum 13 5.35% ABU - - - - - - - - - - - - 
P. nicaraguense - - - - - - - - - - - - - - - 
P. notabile - - - - - - - - - - - - - - - 
P. nucleatum - - - - - - - - - 1 0.48% RAR - - - 
P. oblatum - - - - - - - - - 1 0.48% RAR - - - 
P. polycephalum - - - - - - - - - - - - - - - 
P. pusillum - - - - - - - - - 4 1.92% COM - - - 
P. roseum - - - - - - - - - 1 0.48% RAR - - - 
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Table 4. (Cont.) 
TAXA 
Aerial litter Bark of living tree Bryophytes Coarse woody debris Fruit 
Abundance 
CON 
Abundance 
CON 
Abundance 
CON 
Abundance 
CON 
Abundance 
CON 
Nº SR (%) Nº SR (%) Nº SR (%) Nº SR (%) Nº SR (%) 
P. stellatum - - - - - - - - - 1 0.48% RAR - - - 
P. superbum 1 0.41% RAR - - - - - - - - - - - - 
P. tenerum - - - - - - - - - - - - - - - 
Ph. viride 2 0.82% OCC 5 4.67% ABU - - - 10 4.81% ABU - - - 
P. viride var. aurantium - - - - - - - - - 7 3.37% ABU - - - 
Stemonaria longa - - - - - - - - - 3 1.44% OCC - - - 
Stemonitis axifera - - - - - - - - - 4 1.92% COM - - - 
S. flavogenita - - - - - - - - - 3 1.44% OCC - - - 
S. fusca - - - 3 2.80% COM - - - 6 2.88% COM - - - 
S. fusca var. nigrescens 3 1.23% OCC 1 0.93% OCC - - - 1 0.48% RAR - - - 
S. herbatica - - - 3 2.80% COM - - - 1 0.48% RAR - - - 
S. smithii - - - 1 0.93% OCC - - - - - - - - - 
S. splendens - - - 1 0.93% OCC - - - - - - - - - 
S. uvifera - - - - - - - - - - - - - - - 
Stemonitopsis typhina - - - - - - - - - 2 0.96% OCC - - - 
Symphyytocarpus trechisporus - - - - - - - - - 1 0.48% RAR - - - 
Trichia decipiens - - - 6 5.61% ABU - - -    - - - 
T. flavoginea - - - 1 0.93% OCC - - - 2 0.96% OCC - - - 
Trichia munda - - - - - - - - - - - - - - - 
Tubifera microsperma - - - - - - - - - 1 0.48% RAR - - - 
Willkommlangea reticulata - - - - - - - - - - - - - - - 
Note: Nº = number of individuals of each species; SR (%) = Percentage of sample representability (%); RA =  Relative abundance; RAR =  Rare;  OCC = 
Occasional; COM = Common;  ABU = Abundant.   
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Table 5. Representability of the species of ceratiomyxomycetes and myxomycetes found among fungi, ground litter, inflorescence, 
lianas, soil and twigs at the Viruá National Park (Caracaraí, RR). 
TAXA 
Fungi Ground litter Inflorescence Lianas Soil Twigs 
Abundance 
CON 
Abundance 
CON 
Abundance 
CON 
Abundance 
CON 
Abundance 
CON 
Abundance 
CON 
Nº SR (%) Nº SR (%) Nº SR (%) Nº SR (%) Nº SR (%) Nº SR (%) 
Alwisia bombarda - - - - - - - - - - - - - - - - - - 
Arcyria afroalpina - - - - - - - - - - - - - - - - - - 
A. cinerea 1 16.67% ABU 23 13.77% ABU 5 5.15% ABU 24 12.31% ABU 3 27.27% ABU 43 29.86% ABU 
A. denudata - - - 1 0.60% OCC - - - 6 3.08% ABU - - - 11 7.64% ABU 
A. globosa - - - - - - - - - - - - - - - - - - 
A. insignis - - - 7 4.19% ABU - - - 2 1.03% OCC - - - - - - 
A. marginoundulata - - - 4 2.40% COM - - - 1 0.51% OCC - - - - - - 
A. obvelata - - - - - - - - - - - - - - - - - - 
A. pomiformis - - - - - - - - - - - - - - - - - - 
Calomyxa metallica - - - - - - - - - 1 0.51% OCC - - - - - - 
Ceratiomyxa fruticulosa - - - - - - - - - 3 1.54% COM - - - - - - 
C. morchella - - - 1 0.60% OCC - - - - - - - - - - - - 
C. sphaerosperma - - - 3 1.80% COM - - - - - - - - - - - - 
Clastoderma debaryanum - - - 1 0.60% OCC - - - 3 1.54% COM - - - 7 4.86% ABU 
Collaria arcyrionema - - - - - - - - - 1 0.51% OCC - - - 4 2.78% COM 
C. lurida - - - 4 2.40% COM - - - - - - - - - - - - 
Comatricha elegans - - - 1 0.60% OCC - - - 1 0.51% OCC - - - 1 0.69% OCC 
C. ellae - - - 1 0.60% OCC - - - - - - - - - - - - 
C. laxa - - - - - - - - - 2 1.03% OCC - - - - - - 
C. nigra - - - - - - - - - 1 0.51% OCC - - - - - - 
C. pulchella - - - 19 11.38% ABU 2 2.06% COM 1 0.51% OCC - - - 4 2.78% COM 
C. tenerrima - - - - - - 2 2.06% COM 18 9.23% ABU - - - 4 2.78% COM 
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Table 5. (Cont.) 
TAXA 
Fungi Ground litter Inflorescence Lianas Soil Twigs 
Abundance 
CON 
Abundance 
CON 
Abundance 
CON 
Abundance 
CON 
Abundance 
CON 
Abundance 
CON 
Nº SR (%) Nº SR (%) Nº SR (%) Nº SR (%) Nº SR (%) Nº SR (%) 
Craterium aureum - - - 3 1.80% COM 3 3.09% ABU - - - - - - - - - 
Cribraria aurantiaca - - - - - - - - - - - - - - - - - - 
C. cancellata - - - 1 0.60% OCC - - - - - - - - - - - - 
C. confusa - - - - - - - - - 2 1.03% OCC - - - - - - 
C. intricata - - - 2 1.20% OCC - - - - - - - - - - - - 
C. languescens - - - - - - - - - - - - - - - - - - 
C. microcarpa 1 16.67% ABU 1 0.60% OCC 1 1.03% OCC 2 1.03% OCC 8 72.73% ABU 4 2.78% COM 
C. tenella - - - - - - - - - - - - - - - - - - 
C. violacea - - - - - - 3 3.09% ABU - - - - - - - - - 
Diachaea leucopodia - - - 4 2.40% COM - - - - - - - - - 1 0.69% OCC 
Diderma effusum - - - 2 1.20% OCC 6 6.19% ABU - - - - - - 2 1.39% OCC 
D. hemisphaericum - - - 3 1.80% COM 1 1.03% OCC - - - - - - - - - 
D. saundersii - - - - - - - - - - - - - - - - - - 
Didymium anellus - - - 1 0.60% OCC - - - - - - - - - - - - 
D. bahiense - - - - - - - - - - - - - - - 1 0.69% OCC 
D. clavus - - - - - - - - - 4 2.05% COM - - - - - - 
D. difforme - - - - - - 1 1.03% OCC - - - - - - - - - 
D. iridis - - - 3 1.80% COM 9 9.28% ABU 1 0.51% OCC - - - 2 1.39% OCC 
D. nigripes - - - 21 12.57% ABU 2 2.06% COM - - - - - - - - - 
D. ochroideum - - - - - - - - - - - - - - - - - - 
D. squamulosum - - - - - - - - - - - - - - - - - - 
D. sturgisii - - - 1 0.60% OCC - - - - - - - - - - - - 
Echinostelium minutum - - - 6 3.59% ABU - - - 14 7.18% ABU - - - 15 10.42% ABU 
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Table 5. (Cont.) 
TAXA 
Fungi Ground litter Inflorescences Lianas Soil Twigs 
Abundance 
CON 
Abundance 
CON 
Abundance 
CON 
Abundance 
CON 
Abundance 
CON 
Abundance 
CON 
Nº SR (%) Nº SR (%) Nº SR (%) Nº SR (%) Nº SR (%) Nº SR (%) 
Fuligo septica - - - - - - - - - - - - - - - - - - 
Hemitrichia calyculata 1 16.67% ABU - - - - - - - - - - - - 2 1.39% OCC 
H. intorta - - - 1 0.60% OCC - - - - - - - - - - - - 
H. leiocarpa - - - - - - - - - - - - - - - - - - 
H. minor - - - - - - - - - 6 3.08% ABU - - - - - - 
H. paragoga 1 16.67% ABU - - - - - - - - - - - - - - - 
H. pardina - - - 2 1.20% OCC 18 18.56% ABU 1 0.51% OCC - - - 4 2.78% COM 
H. serpula - - - - - - - - - - - - - - - - - - 
Lamproderma scintillans - - - 2 1.20% OCC - - - - - - - - - - - - 
Licea biforis - - - 2 1.20% OCC - - - - - - - - - 1 0.69% OCC 
L. eleanorae - - - 1 0.60% OCC - - - - - - - - - - - - 
L. floriformis var. aurospora - - - - - - - - - 3 1.54% COM - - - - - - 
L. operculata - - - 2 1.20% OCC 1 1.03% OCC 2 1.03% OCC - - - - - - 
Lycogala conicum - - - - - - - - - 1 0.51% OCC - - - - - - 
L. epidendrum - - - - - - - - - - - - - - - 1 0.69% OCC 
L. exiguum - - - 1 0.60% OCC - - - - - - - - - - - - 
Macbrideola decapillata - - - 1 0.60% OCC - - - - - - - - - - - - 
M. scintillans - - - - - - - - - - - - - - - 1 0.69% OCC 
Metatrichia vesparia - - - - - - - - - 1 0.51% OCC - - - - - - 
Perichaena chrysosperma - - - 2 1.20% OCC 8 8.25% ABU 8 4.10% ABU - - - 1 0.69% OCC 
P. corticalis - - - - - - - - - - - - - - - - - - 
P. depressa - - - - - - 2 2.06% COM 5 2.56% COM - - - - - - 
P. dictyonema - - - - - - - - - - - - - - - - - - 
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Table 5. (Cont.) 
TAXA 
Fungi Ground litter Inflorescence Lianas Soil Twigs 
Abundance 
CON 
Abundance 
CON 
Abundance 
CON 
Abundance 
CON 
Abundance 
CON 
Abundance 
CON 
Nº SR (%) Nº SR (%) Nº SR (%) Nº SR (%) Nº SR (%) Nº SR (%) 
P. longipes - - - 3 1.80% COM 2 2.06% COM - - - - - - - - - 
P. microspora - - - - - - - - - - - - - - - - - - 
P. pedata - - - 6 3.59% ABU - - - - - - - - - - - - 
Physarella oblonga - - - - - - - - - - - - - - - - - - 
Physarum album - - - - - - - - - 1 0.51% OCC - - - 1 0.69% OCC 
P. bivalve - - - - - - - - - 1 0.51% OCC - - - - - - 
P. cinereum - - - - - - - - - - - - - - - 3 2.08% COM 
P. compressum - - - 1 0.60% OCC 11 11.34% ABU 3 1.54% COM - - - 3 2.08% COM 
P. crateriforme - - - - - - 2 2.06% COM 1 0.51% OCC - - -    
P. decipiens - - - - - - - - - - - - - - - 1 0.69% OCC 
P. flavicomum - - - - - - - - - - - - - - - - - - 
P. galbeum - - - 9 5.39% ABU 1 1.03% OCC - - - - - - - - - 
P. globuliferum f. flavum - - - 7 4.19% ABU 8 8.25% ABU 4 2.05% COM - - - - - - 
P. hongkongense - - - - - - - - - - - - - - - - - - 
P. lakhanpalii - - - - - - - - - 1 0.51% OCC - - - - - - 
P. melleum - - - 3 1.80% COM 7 7.22% ABU 1 0.51% OCC - - - 2 1.39% OCC 
P. nicaraguense - - - - - - 1 1.03% OCC 1 0.51% OCC - - - - - - 
P. notabile - - - - - - - - - 1 0.51% OCC - - - - - - 
P. nucleatum - - - - - - - - - - - - - - - - - - 
P. oblatum - - - 1 0.60% OCC - - - 1 0.51% OCC - - - - - - 
P. polycephalum - - - 1 0.60% OCC - - - - - - - - - - - - 
P. pusillum 1 16.67% ABU - - - 1 1.03% OCC 6 3.08% ABU - - - 3 2.08% COM 
P. roseum - - - - - - - - - 1 0.51% OCC - - - 3 2.08% COM 
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Table 5. (Cont.) 
TAXA 
Fungi Ground litter Inflorescence Lianas Soil Twigs 
Abundance 
CON 
Abundance 
CON 
Abundance 
CON 
Abundance 
CON 
Abundance 
CON 
Abundance 
CON 
Nº SR (%) Nº SR (%) Nº SR (%) Nº SR (%) Nº SR (%) Nº SR (%) 
P. stellatum - - - - - - - - - - - - - - -    
P. superbum - - - - - - - - - - - - - - - 1 0.69% OCC 
P. tenerum - - - - - - - - - 4 2.05% COM - - -    
P. viride - - - 1 0.60% OCC - - - 29 14.87% ABU - - - 7 4.86% ABU 
P. viride var. aurantium - - - - - - - - - - - - - - - - - - 
Stemonaria longa - - - - - - - - - - - - - - - - - - 
Stemonitis axifera - - - - - - - - - - - - - - - - - - 
S. flavogenita - - - - - - - - - 1 0.51% OCC - - - - - - 
S. fusca 1 16.67% ABU 2 1.20% OCC - - - 1 0.51% OCC - - - - - - 
S. fusca var. nigrescens - - - 3 1.80% COM - - - 16 8.21% ABU - - - 10 6.94% ABU 
S. herbatica - - - - - - - - - 2 1.03% OCC - - - - - - 
S. smithii - - - - - - - - - - - - - - - - - - 
S. splendens - - - - - - - - - - - - - - - - - - 
S. uvifera - - - - - - - - - 1 0.51% OCC - - - - - - 
Stemonitopsis typhina - - - - - - - - - - - - - - - - - - 
Symphyytocarpus trechisporus - - - - - - - - - - - - - - - - - - 
Trichia decipiens - - - - - - - - - - - - - - - - - - 
T. flavoginea - - - - - - - - - - - - - - - - - - 
Trichia munda - - - 3 1.80% COM - - - - - - - - - - - - 
Tubifera microsperma - - - - - - - - - - - - - - - - - - 
Willkommlangea reticulata - - - - - - - - - 5 2.56% COM - - - 1 0.69% OCC 
Note: Nº = number of specimens of each species; SR (%) = Percentage of sample Representability (%); RA =  Relative Abundance; RAR =  Rare;  OCC = 
Occasional; COM = Common;  ABU = Abundant.  
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Table 6. Jaccard Index among the analyzed microhabitats.  
MICROHABITAT Aerial litter Bark of living trees Bryophytes Coarse wood debris Fruits Fungi Ground litter Inflorescences Lianas Soil Twigs 
Aerial litter 1.00 0.23 0.06 0.14 0.04 0.04 0.41 0.33 0.32 0.04 0.33 
Bark of living trees - 1.00 0.13 0.23 0.07 0.13 0.18 0.15 0.33 0.07 0.27 
Bryophytes - - 1.00 0.08 0.29 0.18 0.10 0.07 0.07 0.29 0.08 
Coarse wood debris - - - 1.00 0.04 0.12 0.21 0.12 0.26 0.04 0.22 
Fruit - - - - 1.00 0.33 0.04 0.08 0.04 1.00 0.06 
Fungi - - - - - 1.00 0.06 0.11 0.08 0.33 0.11 
Ground litter - - - - - - 1.00 0.28 0.27 0.04 0.26 
Inflorescence - - - - - - - 1.00 0.25 0.08 0.23 
Lianas - - - - - - - - 1.00 0.04 0.35 
Soil - - - - - - - - - 1.00 0.06 
Twigs - - - - - - - - - - 1.00 
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Figure 5. (A) Arcyria afroalpina Rammeloo; (B) A. cinerea (Bull.) Pers.; (C) A. globosa 
Schwein;  (D) A. insignis Kalchbr. & Cooke; (E) A. margino-undulata Nann.-Bremek et Y. 
Yamam; (F) A. obvelata (Oeder) Onsberg; (G) Alwisia bombarda Berk. & Broome; (H) 
Calomyxa metallica (Berk.) Nieuwl.; (I) Ceratiomyxa fruticulosa (O.F.Müll.) T.Macbr.; (J) C. 
morchella A.L.Welden; (K) Clastoderma debaryanum A.Blytt; (L) Comatricha laxa Rostaf.; 
(M) Craterium aureum (Schumach.) Rostaf.; (N) Cribraria microcarpa (Schrad.) Pers.; (O) C. 
violacea Rex; (P) Diderma effusum (Schwein.) Morgan; (Q) Didymium bahiense Gottsb.; (R) D. 
squamulosum (Alb. & Schwein.) Fr.; (S) D. sturgisii Hagelst.; and (T) Echinostelium minutum 
de Bary. 
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Figure 6. (A) Fuligo septica (L.) F.H.Wigg.; (B) Hemitrichia calyculata (Speg.) M.L.Farr.; (C) 
H. intorta (Lister) Lister; (D) H. paragoga M.L. Farr; (E) H. pardina (Minakata) Ing; (F) H. 
serpula (Scop.) Rostaf.; (G) Lamproderma scintillans (Berk. & Broome) Morgan; (H) Licea 
floriformis var. aureospora M.T.M. Willemse & Nann.-Bremek.; (I) L. operculata (Wingate ) 
G.W.Martin; (J) Lycogala conicum Pers.; (K) L. epidendrum (L.) Fr.; (L) L. exiguum Morgan; 
(M) Perichaena chrysosperma (Curr.) A.Lister; (N) P. corticalis (Batsch) Rostaf.; (O) P. 
depressa Lib.; (P) P. longipes L.M. Walker, Leontyev & S.L.Stephenson; (Q) P. microspora 
Penz. & Lister; (R) P. pedata (Lister & G. Lister) Lister ex E. Jahn; and (S) Physarella oblonga 
(Berk. & M.A.Curtis) Morgan. 
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Figure 7. (A) Physarum cinereum (Batsch) Pers.; (B) P. compressum Alb. & Schwein.; (C) P. 
crateriforme Petch; (D) P. galbeum Wingate; (E) P. globuliferum f. flavum Leontyev & Dudka; 
(F) P. hongkongense Chao Chung; (G) P. lakhanpalii Nann.-Bremek. & Y. Yamam.; (H) P. 
nicaraguense T.Macbr.; (I) P. polycephalum Schwein.; (J) P. roseum Berk. & Broome; (K) P. 
viride (Bull.) Pers.; (L) Stemonitis axifera (Bull.) T.Macbr.; (M) S. fusca Röth; (N) S. herbatica 
Peck ; (O) S. uvifera T. Macbr.; (P) Symphytocarpus trechisporus (Berk. ex Torrend) Nann.-
Bremek.; (Q) Trichia favoginea (Batsch) Pers; (R) Tubifera microsperma (Berk. & M.A.Curtis) 
G.W.Martin; and (S) Willkommlangea reticulata (Alb. & Schwein.) Kuntze.
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Figure 8. Number of specimens per microhabitat for the microbiota present in Viruá National Park (Caracaraí, RR).
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Figure 9. Percentage distribution of samples collected from the different microhabitats studied in 
the Viruá National Park (Caracaraí, RR). 
 
 
Figure 10. Percentage distribution of the species occurring in the different microhabitats studied 
in the Viruá National Park (Caracaraí, RR). 
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Figure 11. Dendrogram from agglomerative hierarchical clustering analysis of the communities 
associated with the different microhabitats. 
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Figure 12. Correspondense analysis of the occurrence of the 20 most abundant species in the 
different microhabitats. For abbreviations of the species see Table 3. 
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Conclusions 
In summary, the results obtained in the present study indicate that the Amazon rainforest 
is a very productive environment for the development of eumycetozoans, both in terms of 
species richness and the abundance of fruiting bodies. Presumably, these organisms can take 
advantage of the year-round climatic stability, abundant moisture, plentiful food resources, and a 
range of suitable microhabitats present in this type of forest. 
The ceratiomyxomycetes and myxomycetes were found occupying a variety of 
microhabitats, including coarse woody debris, aerial and ground litter, the bark surface of living 
trees, mosses, fungi, fruits, lianas, inflorescences still attached to the mother plant and soil. 
Among these, coarse woody debris presented the most significant number of specimens, a higher 
number of species, as well as being the most diverse and the microhabitat with the highest 
species evenness. 
It was also possible to infer that the assemblage of species associated with each 
microhabitat is distinct from the others but becomes more similar based on the physiognomic 
features that some of the microhabitats share (e.g., ground and aerial litter, and twigs and lianas). 
Furthermore, apparently, the microenvironmental conditions of each microhabitat are more 
important in determining the occurrence of the species of the ceratiomyxomycetes and 
myxomycetes than the climatic conditions and seasonality of the Amazon rainforest at the Viruá 
National Park, RR - Brazil. 
Overall, the species associated with tropical forests are still not especially well-known, 
and this is certainly true for particular microhabitats in tropical forests, such as bryophytes, fruit 
peels and soil. Also, some specimens found in this study were not able to be identified, 
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demonstrating the potential for the discovery of new species, and the need for a more in-depth 
analysis of the genetic and morphological characters of the specimens still unidentified.  
Finally, taking into account the importance of the knowledge related to the diversity 
present in the Amazon rainforest and the dangers caused by over-exploitation of its 
environmental resources, deforestation and other anthropogenic actions that threaten the overall 
diversity of species present in this environment; the eumycetozoans present in the Amazon 
rainforest warrant additional study, and the information presented in this chapter provides further 
incentives for more efforts in this direction. 
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V. Taxonomic Composition of the Assemblage of Dictyostelid Cellular Slime Molds from 
Northeastern Brazil 
 
Abstract 
The Atlantic Rainforest is characterized by its high species richness and level of 
endemism. The study of soil microbial diversity is essential to understand species distribution, 
their functional role and the knowledge of available genetic resources in a particular 
environment. In this study species of dictyostelid cellular slime molds (Amoebozoa) were 
isolated from soils samples from Pernambuco, Brazil. Morphological characteristics and DNA 
sequence analyses were used to identify 40 recovered isolates.  Twenty species were identified. 
Among the isolates recognized, Cavenderia aureostipes, Dictyostelium barbibulus, D. 
brefeldianum, D. chordatum, D. crassicaule, D. dimigraformum, D. leptosomum, Hagiwaraea 
vinaceofusca, Heterostelium asymetricum, H. candidum, H. pallidum and Raperostelium 
reciprocatum are new records for Brazil. Three isolates remain unidentified and may represent 
species new to science. These findings indicate that the dictyostelid species richness present in 
Brazilian soils is greater than previously known and that DNA sequence analyses are crucial to 
help identify morphologically similar but genetically distinct species.   
 
Introduction 
Tropical forests are home to the world's richest biodiversity. Unfortunately, due to 
overexploitation of resources, deforestation, agriculture, livestock and anthropic occupation, they 
are also among the most devastated phytogeographic regions on the planet. Considering its 
biodiversity and the high degree of endemism observed in various groups of organisms, the 
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Brazilian Atlantic Rainforest is recognized as one of the five most important biodiversity 
hotspots on earth. It is also one of the priority conservation areas in South America (Klumpp et 
al. 1996).  
The northeastern region of Brazil is comparable to and even extends beyond the territory 
of some countries, corresponding to approximately 18% of the national territory. Its area 
includes a considerable portion of the country's biological diversity on a small spatial scale while 
also encompassing a wide range of ecosystems types, such as Cerrado, rupestrian fields, the 
Atlantic Rainforest and its associated ecosystems such as mangroves, dunes and restingas, and 
even some of the Pre-Amazonian Forest, in Maranhão. This diversity of ecosystems offers a 
wide variety of favourable conditions for taxonomic and ecological studies of both the 
macrofauna and macroflora as well as the microbiota. 
Microbial species, protozoans in particular, are essential components of biodiversity in 
tropical forests (Satish et al. 2007). In addition to participating in a number of important 
processes such as nutrient mineralization, amoebae may be the most abundant unicellular 
eukaryote group in the soil and probably other microhabitats in which they occur, being the main 
controllers of bacterial populations (Coûteaux & Darbyshire 1998; Bonkowski 2004; Urich et al. 
2008). Although they are undisputedly important in maintaining an ecological equilibrium in the 
environment in which they occupy, the current knowledge regarding their diversity and soil and 
rhizosphere interactions in tropical ecosystems is sparse (Pfenning et al. 2006). 
In Pernambuco, the Atlantic Rainforest is in a critical state of deterioration. Thus, 
expanding the knowledge of its biodiversity becomes one of the conservationist's priorities, and 
the first step towards ecosystem preservation. Furthermore, the microbiota of this biome has not 
yet been explored thoroughly, particularly relating to the dictyostelid cellular slime molds, which 
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emphasizes the potential and the necessity to carry out studies on the diversity of this group of 
microorganisms in the state. 
Dictyostelid Cellular Slime Molds 
The dictyostelid cellular slime molds, or dictyostelids, were first discovered by Oscar 
Brefeld in 1869, with the isolation of the widespread species Dictyostelium mucoroides Bref. 
from horse and rabbit dung, and they are estimated to be more than 400 million years old 
(Sucgang et al. 2011; Brefeld 1869, Raper 1984). They comprise a monophyletic assembly of 
eukaryotic microorganisms, within the Macromycetozoa group (part of the Conosa, or Conosea, 
within the Amebozoa) along with the Ceratiomyxomycetes and the Myxomycetes (Pawlowski & 
Burki 2009; Fiore-Donno et al. 2010; Adl et al. 2012). 
Similar to the myxomycetes, the dictyostelids are a group of amoeba-producing 
organisms capable of developing fruiting bodies in response to stress or starvation. However, 
their life cycle differs in many aspects (Figure 1). During the dictyostelid asexual reproductive 
cycle, and after spore germination, the haploid amoeboid cell moves outward, feeding on 
bacteria. Eventually, cell division occurs by binary fission, forming a population of clonal 
amoebae (Hagiwara 2007). When food in the environment is scarce, the amoebae react to the 
stress by releasing chemotactic signalling into the substrate, inducing them to aggregate (Cotter 
& Raper 1966). Aggregation culminates in the formation of the pseudoplasmodium and 
subsequently fruitification into one or several sorocarps, where part of the amoebae become the 
sorocarp structure (e.g., base, stalk, and sorus), and the remnant amoebae become spores that will 
be dispersed (Raper 1984; Schaap et al. 2006; Myre 2012). If the spores reach a suitable place, 
they will germinate, starting a new life-cycle. 
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Although still poorly understood, it is known that during the sexual life cycle, two 
haploid cells from different mating types fuse to produce a diploid zygote (Bloomfield 2013). In 
order to grow, the zygote secretes specific chemoattractants to attract and engulf other haploid 
cells (Blaskovics & Raper 1957; Filosa & Dengler 1972; Abe et al. 1984). The zygote then 
produces a cellulose-containing wall to form a macrocyst, which can remain dormant for several 
weeks (Blaskovics & Raper 1957; Raper 1984). There are two types of macrocysts: (1) 
homothallic, produced by the same strain, and (2) heterothallic generated by distinct strains 
(Bloomfield 2013). Lastly, and under suitable conditions, the macrocyst undergo meiosis and 
mitosis in order to form genetically distinct haploid cells (Erdos et al. 1973). 
Among the various ecosystems they occupy (e.g., temperate forests, tropical forests, and 
even deserts), the dictyostelids can be found in almost any type of soil, generally occupying the 
region just below the decaying leaves where there are more nutrients and plenty of bacteria to 
feed upon (Raper 1984; Swanson et al. 1999). By feeding upon the bacteria present in the soil, 
the dictyostelids are an important influence on the bacterial ecology, and therefore, soil 
properties (Swanson et al. 1999). They are also able to live in other environments, such as the 
dung of herbivores and in the organic debris that accumulates on tree trunks and in association 
with epiphytes (Stephenson & Landolt 1998). 
As cosmopolitan organisms, most of the species included in this group of 
microorganisms do not seem to have any particular pattern of endemism; however, their 
populations seem to be influenced by the macroclimatic conditions of each environment they 
occupy, and some species can be characteristic of tropical or temperate regions (Swanson et al. 
1999). 
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Spore dispersal is crucial to the distribution and reproduction of dictyostelids, but since 
the spores, on top of the sorophores, are encompassed by a mucilaginous layer, it is doubtful that 
their spores are carried by the wind, as when dry the matrix hardens, tightly aggregating the 
spores (Raper 1984; Cavender 2013). Instead, dispersion is more likely to occur by water with 
the matrix dissolving, or by the action of animals when the sticky matrix adheres to the 
exoskeletons of insects, for example (Stephenson et al. 2006). 
Currently, there are more than 150 described species of dictyostelids, and more species 
are expected to be discovered in the future. The introduction of new isolation methods associated 
with molecular tools enabled the discovery of new species from many different areas around the 
world (Cavender & Raper 1965; Romeralo et al. 2012; Cavender 2013). 
In South America, Peru, Uruguay, Argentina, and Chile have been explored (Swanson et 
al. 1999; Vadell 2000; Vadell & Cavender 2007; Vadell et al. 2011). In Brazil, the extreme 
south, the northeast and part of the Amazon region were explored, revealing a promising field of 
study (Horne & Landolt 1997; Xavier de Lima 2013). 
The first evidence of the dictyostelids’ presence in Brazilian soils was recorded by Horne 
& Landolt (1997), when the authors identified thirteen species in the Amazon Forest region, in 
the far north of the country. Ten species were recognized in the state of Amazonas (Cavenderia 
mexicana [Cavender et al.] S.Baldauf, S.Sheikh & Thulin, Dictyostelium macrocephalum 
H.Hagiw. et al., D. purpureum Olive, Heterostelium pallidum (Olive) S.Baldauf, S.Sheikh & 
Thulin, H. perasymmetricum [Cavender et al.] S.Baldauf, S.Sheikh & Thulin, H. tenuissimum 
[H.Hagiw] S.Baldauf, S.Sheikh & Thulin, Polysphondylium laterosorum [Cavender] S.Baldauf, 
S.Sheikh & Thulin, P. violaceum Bref., Raperostelium minutum [Raper] S.Baldauf, S.Sheikh & 
Thulin, and Rostrostelium ellipticum (Cavender) S.Baldauf, S.Sheikh & Thulin), and 5 species 
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were identified in cities of the state of Pará (Dictyostelium firmibasis H.Hagiw., D. purpureum 
Olive, Hagiwaraea rhizopodium (Raper & Fennell) S.Baldauf, S.Sheikh & Thulin, 
Raperostelium tenue [Cavender et al.], S.Baldauf, S.Sheikh & Thulin, and Heterostelium 
pallidum (Olive) S.Baldauf, S.Sheikh & Thulin). 
Sixteen years later Xavier de Lima (2013) recorded the presence of nine species of 
dictyostelids in areas of the Brazilian Atlantic Forest in Pernambuco (Cavenderia fasciculata 
[F.Traub et al.] S.Baldauf, S.Sheikh & Thulin, Dictyostelium firmibasis, D. macrocephalum, D. 
mucoroides Bref., D. purpureum, Heterostelium pallidum, H. pseudocandidum [H.Hagiw.] 
S.Baldauf, S.Sheikh & Thulin, Polysphondylium violaceum, Raperostelium aff. monochasioides 
[H.Hagiw.] S.Baldauf, S.Sheikh & Thulin). The author also emphasized the untapped potential 
and the need for further studies in view of the areal extent of the country and its rich diversity of 
ecosystems. 
Although today a larger number of dictyostelid species have been identified in Brazilian 
soils, the true extent of their diversity is still unknown. 
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Figure 1. Figure 1. Life cycle of Dictyostelium mucoroides Bref., including both the sexual and 
social cycles. 
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Objective 
The biodiversity and high degree of endemism observed in the Brazilian Atlantic 
Rainforest make it an important priority for biodiversity inventories regarding its macro- and 
microbiota. Moreover, the microbiota present in this phytogeographic domain, particularly the 
heterogeneity of species present in the soil, has not yet been thoroughly explored, especially 
relating to the dictyostelids. Besides, understanding the diversity of dictyostelids will allow a 
higher perception of the functional diversity of soil amoebae, with further gains in the areas of 
environmental conservation, valuation of ecosystem services, agriculture and the regeneration of 
natural environments, which emphasizes the necessity to carry out studies on the diversity of this 
group of microorganisms. 
Therefore, considering the current critical state of deterioration of the few Atlantic 
Rainforest areas still present in the state of Pernambuco, Brazil, and the importance of the 
dictyostelids in overall soil dynamics, the present study had the objective of expanding the 
knowledge of dictyostelids biodiversity and the phylogenetic relationships among the various 
species. 
 
Material and Methods 
Collection site and soil sampling 
Between December 2015 and February 2016, soil sampling was carried out in a private 
Atlantic Rainforest preservation area, located in São Lourenço da Mata, Pernambuco, the 
northeastern region of Brazil (7°59'59.7 "S, 35°01'01.1"W) (Figure 2).  
Although historically anthropized, this remnant of the Lowland Ombrophilous Forest, 
characteristic of the region, remains in a good conservation stage (Figure 3). The Atlantic 
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Rainforest of Pernambuco is characterized by its extremely diverse flora, the vegetation is rich in 
tree species, and dominated by representatives of the families Anacardiaceae, Moraceae, 
Fabaceae, and Lauraceae, among others (Méio et al. 2003; Silva et al. 2008). 
This region of Brazil is characterized by a tropical climate, classified as Am according to 
Köppen and Geiger. In São Lourenço da Mata, the summer is long, hot and often cloudy; the 
winter is short, warm, with precipitation, high winds, and almost constant cloudy skies. 
Throughout the year, the temperature generally ranges between 22°C and 32°C, rarely below 
20°C or above 34°C, the average annual rainfall is approximately 1804 mm (INMET 2019). The 
soil present in this area is predominantly an oxisol and podzolic, covered by a thick layer of leaf 
litter that remains moist for about ten months throughout the year (IBGE 1992).  
After removing the most superficial layer of ground litter, where the leaves were still 
almost intact, soil samples were collected by taking 10 to 30 grams of wet-weight soil matter 
from the top 1-3 centimeters of the organic matter soil horizon (the topsoil layer) with the aid of 
a sterile spoon. At each collection point, random samples were obtained at four locations, one 
meter apart from each other, and assembled to form a composite sample, which was placed in a 
sterile plastic bag and kept cool until transported to the Eumycetozoa Laboratory at the 
University of Arkansas (Fayetteville, Arkansas) where they were stored at 4°C until processing 
(Cavender & Raper 1965; Perrigo et al. 2012; Xavier de Lima 2013). Additional samples and 
specimens were also sent to Shepherd University (Shepherdstown, West Virginia) and Ohio 
University (Athens, Ohio) for further examination. 
Culture, isolation and clone identification 
A standard soil dilution plating technique was utilized in order to isolate dictyostelids 
from soil samples. The methodology followed for cultivation was based on Cavender & Raper 
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(1965), in which 5 grams of soil composite sample was placed in a glass flask containing 45 ml 
of sterile distilled water, and then this was shaken vigorously. A second dilution was performed 
by mixing 5 ml of the previous solution into a flask containing 7.5 ml of distilled water, of which 
1 mL was plated on hay infusion agar plates (1.5% bacto agar and hay/grass infusion with added 
sodium phosphate and potassium phosphate), along with 0.5 mL of an Escherichia coli 
suspension and spread over the surface of the medium. Cultivation was continued at room 
temperature (22-24°C), away from direct light. Each Petri dish was examined daily for 
aggregations or sorocarps of dictyostelids starting two days after inoculation and continuing for 
two weeks (Cavender & Raper 1965).  
For specimen identification, the descriptions, keys and analyses carried out were based on 
the morphology and available in the literature, and pertinent research articles were used along 
with a BLAST search against the National Center for Biotechnology to compare each specimen 
to its closest relative (Raper 1984; Hagiwara 1989; http://www.geneious.com, Kearse et al. 
2012). 
DNA extraction, PCR amplification and sequencing 
DNA was extracted from the spores from the sorus of selected specimens and was based 
on the PureGene technique protocol, modified from Sambrook & Russel (2001). In order to 
optimize the DNA quality, the Eppendorf tubes containing the spores of all isolates were frozen 
at -80°C for 24 hours before extraction. 
After extraction, a polymerase chain reaction (PCR) was conducted using specific in 
internal and external primers (Table 1) (Medlin et al. 1988; Schaap et al. 2006; Perrigo 2013). 
For the polymerase chain reaction (PCR), 30 cycles (95ºC during 5 min, 95 °C for 30 sec, 56 °C 
for 1 min, and 72 °C for 2 min) with a final extension of 72ºC during 2 min were performed. All 
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samples revealed DNA residues, and the PCR products were purified using NANOSEP 30K 
OMEGA and NANOSEP 100K OMEGA (Pall Corporation, Port Washington, New York). The 
DNA sequencing was performed by DNA Sequencing Services-Eurofins MWG Operon, in 
Alabama. 
Sequence editing and phylogenetic tree construction 
Manual DNA editing, sequence alignments, and analysis were performed using the 
Geneious software program (version 9.1), including the BLAST searches against the National 
Center for Biotechnology Information database (NCBI) to identify the taxonomic groups, and 
tree building (http://www.geneious.com, Kearse et al. 2012). 
For sequences analysis from SSU rDNAgene libraries, the SSU rDNAgene sequences of 
dictyostelids were extracted from the GenBank database. After a complete alignment in the 
Geneious program, the same parts of the SSU rDNAgene sequences were selected for 
phylogenetic analyses using default parameters in the JModelTest 2 software (Guindon & 
Gascuel 2003; Darriba et al. 2012).  
The phylogenetic analysis was carried out by applying the maximum-likelihood 
algorithms to ensure the coherency of the clusters formed. The model used for the phylogenetic 
trees was GTR + Γ + I, as indicated by Jmodeltest version 2.1.7 (Guindon & Gascuel 2003; 
Darriba et al. 2012). Distance matrices were built using Geneious. The bootstrapping supports 
for the trees were calculated from a sample of 1,000 replicates. The Bayesian analyses presented 
herein were run using MrBayes (Ronquist & Huelsenbeck 2003, Ronquist & Huelsenbeck 2013).  
The resulting phylogenies of all analyses were initially visualized in FigTree v.1.4.3 
(Rambaut 2009), and subsequently edited for publication in either Microsoft PowerPoint or 
Adobe Illustrator. 
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Figure 2. (A) Brazilian map, with the northeast region of the country highlighted in a darker 
shade; (B) the star indicates the location of the collection area, in São Lourenço da Mata, 
Pernambuco – Brazil.  
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Figure 3. (A-F) Lowland Ombrophilous Atlantic Rainforest located in São Lourenço da Mata, 
Pernambuco – Brazil. 
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Table 1. SSU rDNA PCR primers used to amplify the genetic marker used during the present 
study. The primer name, 5′-3′ sequence, Tm values (°C) and reference is given. 
Primer Sequences (5′‒3′) Tm values (°C) Reference 
18S-FA  AACCTGGTTGA TCCTGCCAG 61.9 Medlin et al. 1988 
18S-RB  TGATCCTTCTGCAGGTTCAC 59.2 Medlin et al. 1988 
D542F* ACAATTGGAGGGCAAGTCTG  59.8 Schaap et al. 2006 
D1340R*  TCGAGGTCTCGTCCGTTATC 60.1 Schaap et al. 2006 
* Primers used for internal sequencing.
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Results and Discussion 
As indicated by previous studies, the traditional morphology-based taxonomy of 
dictyostelids has been gradually replaced by a molecular phylogeny (Schaap et al. 2006; 
Romeralo et al. 2007, 2011; Sheikh et al. 2018). In addition, the use of molecular tools and 
analysis has been particularly useful in elucidating problematic dysmorphisms and 
morphological anomalies related to prolonged cultivation, distinguishing morphically identical 
but genetically different species, and recognizing potentially unidentified taxa.  
Therefore, in order to accurately classify the specimens found in the present study, the 
assemblage of dictyostelid cellular slime molds species associated with Atlantic Rainforest soils 
from São Lourenço da Mata, Pernambuco – Brazil was characterized based on classic taxonomy 
and confirmed using BLAST searches against the NCBI database based on the sequences of SSU 
rDNA gene fragments amplified from the DNA of 40 strains (Table 2). The unique sequences 
were classified into 23 different dictyostelids OTUs based on 3% dissimilarity. 
In addition, a phylogenetic tree was constructed from SSU rDNA gene sequences from 
both dictyostelids sequences from the population identified in the present study and selected 
sequences from the NCBI (Figure 7). The Bayesian phylogenetic tree included 82 strains, 30 
valid species, and eight genera. The robustness of the Bayesian tree was supported by the 
PHYML method, which both produced nearly the same topology (data not shown). With 
consistent and strong statistical support from SSU rRNA phylogeny (100% bootstrap support), 
the phylogenetic analyses confirmed the division of the dictyostelids into two major orders: 
Acytosteliales and Dictyosteliales. 
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All four families currently recognized by Sheikh et al. (2018) were present, and seven 
genera and twenty species were determined (Table 3). Three specimens were not possible to be 
identified and potentially represent species still unknown to this group of microorganisms. 
As expected, the phylogenetic data also revealed that the dictyostelid families hold a 
defined position within their assigned orders. However, the relationship among the species 
included in this group remains unresolved, especially concerning the delimitation of cryptic 
species within the genus Dictyostelium. Further research is necessary to thoroughly resolve this 
issue. 
Of the thirty samples collected in Brazilian Atlantic Rainforest soils, twenty-two (73.3%) 
yielded colonies of dictyostelids, with an average of 48 colonies per gram of wet soil for all 
samples (Figure 4). The productivity found here is similar to what was found in soils of tropical 
forests of South America (Landolt & Stephenson 1991; Nieves-Rivera 2003; Xavier de Lima 
2013.), but much lower than that reported for some temperate (Landolt et al. 2006; Vadell et al. 
2011; Perrigo et al. 2013.) and other tropical forests located in Mexico and Guatemala, for 
example (Holmes 1991; Vadell 1993; Cavender et al. 2012).  
Among the isolates recognized, Cavenderia aureostipes (Cavender) S.Baldauf, S.Sheikh 
& Thulin, Dictyostelium barbibulus Perrigo & Romeralo, D. brefeldianum H.Hagiw., D. 
chordatum Vadell et al., D. crassicaule H.Hagiw., D. dimigraformum Cavender, D. leptosomum 
Cavender et al., Hagiwaraea vinaceofusca (Raper & Fennell) S.Baldauf, S.Sheikh & Thulin, 
Heterostelium asymetricum (Vadell & Cavender) S.Baldauf, S.Sheikh & Thulin, Heterostelium 
candidum (H.Hagiw.) S.Baldauf, S.Sheikh & Thulin, H. pallidum (Olive) S.Baldauf, S.Sheikh & 
Thulin, and Raperostelium reciprocatum (Cavender et al.) S.Baldauf, S.Sheikh & Thulin 
represent the first records for Brazil. 
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Most of the species found in this study can be considered as typical cosmopolitan species, 
inhabitants of moist forest soils and litter, found in different types of environments involved in 
the decomposition of organic matter and bacterial predation, frequently found in temperate 
environments, but with relatively high constancy at lower latitudes (Raper 1984; Stephenson & 
Landolt 1996; Stephenson et al. 1999; Swanson 1999). Dictyostelium and Heterostelium were 
the most common genera in the sampled area, followed by Cavenderia and Raperostelium. Not 
surprisingly, the most abundant species were Dictyostelium mucoroides and D. purpureum, often 
found in tropical soils (Swanson et al. 1999). 
The results of this survey correspond with what is already known for other tropical 
regions of South America (Swanson et al. 1999; Nieves-Rivera 2003). Vadell (2000) identified 
five taxa of dictyostelid cellular slime molds (Coremiostelium polycephalum [Raper] S.Baldauf, 
S.Sheikh, Thulin & Spiegel, Dictyostelium purpureum, D. macrocephalum, Hagiwaraea 
lavandula [Raper & Fennell] S.Baldauf, S.Sheikh & Thulin, and Polysphondylium violaceum) 
isolated from soil and litter samples of the relictual gallery forest of Punta Lara, Province of 
Buenos Aires, Argentina. Although this author found fewer species than what was described in 
this study, the most abundant taxa were common in both instances. The same can be inferred 
when comparing the most abundant species in surveys for dictyostelid cellular slime molds 
carried out in Neotropical rainforests located in Argentina, Guatemala, Mexico and Peru, where 
extensive inventories were carried out over the past decades with the discovery of numerous 
species new to science (Holmes 1991; Landolt & Stephenson 1991; Vadell 1993; Vadell & 
Cavender 2007; Cavender et al. 2012)  
Similar results were found by Xavier de Lima (2013), when studying the abundance and 
diversity of Brazilian Atlantic Rainforest dictyostelids in Pernambuco, where the most 
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significant numbers of isolates were Dictyostelium mucoroides, D. purpureum, Heterostelium 
pallidum and H. pseudocandidum. These species are generally characterized by widespread 
populations of abundant fructifications with the rapid growth of colonies in culture media, are 
commonly found in soils and are cited in several studies without any particular niche preferences 
(Swanson et al. 1999; Rollins 2008; Perrigo 2013). 
Vadell & Cavender (2007) also collected in Atlantic Forest areas in Argentina and 
reported 27 species, of which seven were new to science. Among the species found, seven were 
also recorded in this study. These were Cavenderia aureostipes, Dictyostelium macrocephalum, 
D. monochasioides, D. purpureum, D. mucoroides var. stoloniferum, Heterostelium asymetricum 
and Polysphondylium violaceum. 
The number of species found seems to be relatively high when compared to similar 
studies conducted in Brazil (Horne & Landolt 1997; Xavier de Lima 2013). Currently, only 
seventeen species of dictyostelids have been listed for the country, of which only seven are 
shared in common. Presumably, this indicates that there is a diversity of species in Brazil yet to 
be explored. Furthermore, it also emphases the richness of local assemblages of species, since 
microenvironmental conditions are known to be more important in determining the occurrence of 
the dictyostelid communities than the climatic conditions of the forest as a whole (Moore & 
Spiegel 2000; Rollins 2008; Rollins & Stephenson 2012). 
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Figure 4. (A) Aggregation of amoebae in Cavenderia aureostipes (Cavender) S.Baldauf, 
S.Sheikh & Thulin; (B) Sorocarp development of Dictyostelium barbibulus Perrigo & Romeralo;  
(C) Solitary sorocarp of D. barbibulus; (D) D. macrocephalum H.Hagiw. et al.; (E) D. 
mucoroides var. stoloniferum Bref.; (F) Raperostelium reciprocatum (Cavender et al.) S.Baldauf, 
S.Sheikh & Thulin; (G) D. purpureum Olive; (H) Sorocarp of Heterostelium pallidum (Olive) 
S.Baldauf, S.Sheikh & Thulin; and (I) Polysphondylium violaceum Bref. 
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Figure 5. Bayesian inference of small subunit ribosomal DNA (SSU rDNA) nucleotide 
sequences showing the positions of representative dictyostelids strains and unassigned isolates 
(Dictyostelium sp., Tieghemostelium sp. 1 and Tieghemostelium sp. 2) found at São Lourenço da 
Mata, Pernambuco - Brazil (blue dots). The phylogeny is rooted following Schaap et al. (2006) 
and Sheikh et al. (2018). The numbers at branch points indicate the level of bootstrap support 
values. Bar, 0.02 substitutions per nucleotide position. The bar is equivalent to two nucleotide 
changes per 100 bp. 
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Table 2. Diversity of dictyostelid cellular slime molds strains isolated from the Atlantic Rainforest located at São Lourenço da Mata, 
Pernambuco – Brazil, based on SSU rDNA gene sequences. 
Strain Most closely related taxa Accession No. Identity (%) 
ARF206 Cavenderia aureostipes isolate OH111 small subunit ribosomal RNA gene, partial sequence KF662210 99.8 
NARF203 Dictyostelium fasciculatum isolate NZ155B1 small subunit ribosomal RNA gene, partial sequence KF662195 99.4 
NARF201 Dictyostelium barbibulus isolate Sweden-4R 18S ribosomal RNA gene, partial sequence JX173878 98.1 
NARF207 Dictyostelium barbibulus isolate Sweden-4R 18S ribosomal RNA gene, partial sequence JX173878 99.9 
ARF211 Dictyostelium brefeldianum 18S rRNA gene, isolate TNS-C-115 AM168030 100 
ARF201 Dictyostelium chordatum 18S ribosomal RNA gene, partial sequence GQ496159 99.6 
NARF205 Dictyostelium chordatum voucher Ice264C1 18S ribosomal RNA gene, partial sequence KC865596 99.8 
ARF104 Dictyostelium crassicaule 18S rRNA gene, isolate 93HO-33 AM168037 99.5 
ARF204 Dictyostelium dimigraformum 18S ribosomal RNA gene, partial sequence AY040329 98.9 
NARF304 Dictyostelium dimigraformum 18S ribosomal RNA gene, partial sequence AY040329 98.9 
NARF202 Dictyostelium leptosomum strain NZN49A 18S ribosomal RNA gene, partial sequence HQ141480 97.3 
ARF113 Dictyostelium macrocephalum 18S rRNA gene, isolate B33 AM168049 99.9 
ARF118 Dictyostelium macrocephalum 18S rRNA gene, isolate B33 AM168049 99.9 
NARF120 Dictyostelium medium 18S rRNA gene, isolate TNS-C-205 AM168050 99.7 
ARF102 Dictyostelium mucoroides var. stoloniferum 18S rRNA gene, isolate FOII-1 AM168055 100 
ARF115 Dictyostelium mucoroides var. stoloniferum 18S rRNA gene, isolate FOII-1 AM168055 100 
NARF02 Dictyostelium mucoroides var. stoloniferum 18S rRNA gene, isolate FOII-1 AM168055 99.6 
NARF208 Dictyostelium mucoroides var. stoloniferum 18S rRNA gene, isolate FOII-1 AM168055 98 
ARF110 Dictyostelium purpureum 18S ribosomal RNA gene, partial sequence AY040335 98.7 
ARF111 Dictyostelium purpureum gene for 18S ribosomal RNA, partial sequence, strain: WS-22 LC159272 99 
ARF112 Dictyostelium purpureum 18S ribosomal RNA gene, partial sequence AY040335 99.3 
ARF116 Dictyostelium purpureum 18S ribosomal RNA gene, partial sequence AY040335 99 
NARF12 Dictyostelium purpureum 18S ribosomal RNA gene, partial sequence AY040335 99 
ARF205 Dictyostelium chordatum voucher Ice264C1 18S ribosomal RNA gene, partial sequence KC865596 84 
ARF202 Dictyostelium sphaerocephalum voucher Ice241A1 18S ribosomal RNA gene, partial sequence KC865595 99.6 
NARF210 Dictyostelium vinaceo-fuscum 18S rRNA gene, isolate CC4 AM168062 99.3 
ARF114 Heterostelium asymetricum strain HN20C 18S ribosomal RNA gene, partial sequence HQ141503 99.9 
ARF121 Heterostelium asymetricum strain HN20C 18S ribosomal RNA gene, partial sequence HQ141503 100 
ARF212 Heterostelium candidum voucher MR066 18S ribosomal RNA gene, partial sequence KX100156 99.4 
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Table 2. (Cont.) 
Strain Most closely related taxa Accession No. Identity (%) 
NARF209 Heterostelium candidum voucher MR066 18S ribosomal RNA gene, partial sequence KX100156 99.7 
ARF209 Polysphondylium pallidum 18S ribosomal RNA gene, partial sequence AY040338 100 
ARF117 Polysphondylium violaceum 18S ribosomal RNA gene, partial sequence AY040340 99.9 
ARF119 Polysphondylium violaceum 18S ribosomal RNA gene, partial sequence AY040340 100 
NARF19 Polysphondylium violaceum 18S ribosomal RNA gene, partial sequence AY040340 99.6 
ARF105 Dictyostelium monochasioides 18S rRNA gene, isolate HAG653 AM168052 99.6 
ARF106 Dictyostelium monochasioides 18S rRNA gene, isolate HAG653 AM168052 99.5 
NARF06 Raperostelium reciprocatum strain 38A 18S ribosomal RNA gene, partial sequence JF892718 99.9 
ARF207 Dictyostelium sp. menorah 18S rRNA gene, isolate M1 AM168073 98.5 
ARF208 Dictyostelium sp. menorah 18S rRNA gene, isolate M1 AM168073 99.9 
NARF208 Dictyostelium sp. menorah 18S rRNA gene, isolate M1 AM168073 99.9 
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Table 3. A taxonomic overview of the dictyostelids found at São Lourenço da Mata, 
Pernambuco, Brazil. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
* New record for Brazil 
  
TAXA 
Acytosteliales 
Acytosteliaceae 
Heterostelium asymetricum (Vadell & Cavender) S.Baldauf, S.Sheikh & Thulin* 
Heterostelium candidum (H.Hagiw.) S.Baldauf, S.Sheikh & Thulin* 
Heterostelium pallidum  (Olive) S.Baldauf, S.Sheikh & Thulin 
Cavenderiaceae 
Cavenderia aureostipes (Cavender) S.Baldauf, S.Sheikh & Thulin* 
Cavenderia fasciculata (F.Traub et al.) S.Baldauf, S.Sheikh & Thulin 
Dictyosteliales 
Dictyosteliaceae 
Dictyostelium barbibulus Perrigo & Romeralo* 
Dictyostelium brefeldianum H.Hagiw.* 
Dictyostelium chordatum Vadell et al.* 
Dictyostelium crassicaule H.Hagiw.* 
Dictyostelium dimigraformum Cavender* 
Dictyostelium leptosomum Cavender et al.* 
Dictyostelium macrocephalum H.Hagiw. et al. 
Dictyostelium medium H.Hagiw. 
Dictyostelium mucoroides var. stoloniferum Bref. 
Dictyostelium purpureum Olive 
Dictyostelium sp. 
Dictyostelium sphaerocephalum (Oudem.) Sacc. & Marchal 
Polysphondylium violaceum Bref. 
Raperosteliaceae 
Hagiwaraea vinaceofusca (Raper & Fennell) S.Baldauf, S.Sheikh & Thulin* 
Raperostelium monochasioides (H.Hagiw.) S.Baldauf, S.Sheikh & Thulin 
Raperostelium reciprocatum (Cavender et al.) S.Baldauf, S.Sheikh & Thulin* 
Tieghemostelium sp.1  
Tieghemostelium sp.2 
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Conclusions 
The use of genetic tools, especially molecular ones, in the management of forest 
resources is an advance that can be valuable for all of those who effectively envision sustainable 
use combined with the conservation of biodiversity of natural forest ecosystems. The 
development of molecular techniques, widely used in recent decades in various areas of 
knowledge, has also promoted advances in the study of populations of natural ecosystems, both 
for the management and conservation of biodiversity resources. However, it is still a challenge to 
know how these genetic tools can help define parameters and indicators for the implementation 
and evaluation of forest management methodologies, so that managed resources and biodiversity 
remain intact for future generations. Therefore, it is essential to characterize biodiversity and 
genetic resources in order to manage to conserve biodiversity as a whole. 
Dictyostelid cellular slime molds are eukaryotic unicellular, heterotrophic organisms, 
with a mobile amoeboid assimilative phase, when feeding on bacteria and other microorganisms, 
and a sporulating/reproductive phase, the sorocarp. In addition to participating in several critical 
processes such as nutrient mineralization, the amoebae are one of the most abundant unicellular 
eukaryote groups in soil and presumably also in other microhabitats where they occur, and are 
the main regulators of bacteria populations through predation.  
Over the years, the introduction of molecular methods has been increasingly used as a 
complement to the classical morphology-based taxonomy of dictyostelids and has been crucial in 
differentiating cryptic species, identifying new taxa and understanding the systematics and 
phylogenetics of this group of microorganisms. 
After the conclusion of this study, it can be stated that there is a substantial diversity of 
dictyostelids present in Brazilian forest soils still untapped. Twenty-tree unique dictyostelids 
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OTUs were observed, based on the sequences of SSU rDNA gene fragments amplified from the 
DNA of 40 strains. The molecular phylogenetic trees indicated the presence of four families, 
seven genera, and twenty species. Among the isolates recognized, twelve represent first records 
for Brazil, and three specimens potentially represented new taxa for science.  
The research reported in this chapter provides valuable information on the taxonomic and 
ecological knowledge of dictyostelids occurring in Neotropical forests, particularly relating to 
their geographic distribution in the northeastern region of Brazil. The results presented herein 
point to a possible large diversity of these organisms, and although the information regarding the 
microbial diversity in Brazilian soils remains limited, the dictyostelid data do provide a starting 
point for further studies of the microbial ecology in the country. 
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VI. New Records and Microhabitat Assessment of Protosteloid Amoebae and Related 
Organisms Along the Edaphic Gradient Between Campinarana and Dense Ombrophylous 
Forest at Roraima, Brazil 
 
Abstract 
The Amazon rainforest presumably harbors high microbial biodiversity, since it supports, 
through litter cycling, one of the most exuberant ecosystems on the planet. However, there are 
few studies on the distribution of Amazonian species along edaphic and vegetational gradients, 
and little is known about how these species are distributed along these gradients or their 
ecological preferences. Understanding how these species, or groups of species, are distributed 
can help us to better recognize and understand variation in the environment. Therefore, the 
objective of this research was to conduct a rapid assessment survey relating to the occurrence 
and distribution of aerial litter, ground litter and inflorescence-inhabiting amoeboid protists that 
occur in six areas along the forest gradient that exists between Campinarana and Dense 
Ombrophylous forest at the Viruá National Park, Roraima, Brazil. Twenty-five species were 
recorded, representing 16 genera and six families. Twenty-four of them represent new records 
for Brazil. Among all of the species, Protostelium mycophaga was by far the most abundant, 
being found on all substrates and in all collected areas. The Ombrophylous forest showed a 
greater species richness (S = 22) and diversity (H' = 4.44; 1-D=0.9) than the Campinarana (S 
=16; H' = 1.56; 1-D = 0.76). In general, aerial litter and inflorescence demonstrated greater 
species richness (S = 19 and S = 18 respectively), while only thirteen species were identified 
colonizing ground litter. Aerial litter also presented the greater diversity index (H' = 2.18; 1-D = 
0.88), followed by ground litter (H' = 2.08; 1-D = 0.87) and inflorescences (H' = 1.78; 1-D = 
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0.81).  The Jaccard Similarity Index indicated that the species assemblage in each microhabitat 
and phytophysiognomy was relatively small, indicating that each assemblage of species is 
significantly different from each other. 
 
Introduction 
 Since the beginning of the scientific investigation in the Amazon Rain Forest, the studies 
regarding Amazonian biodiversity have highlighted its superlatives, its megadiversity in species, 
landscapes, and ecosystems, as well as their fundamental importance in global climate 
regulation. The Amazon stands out for having the most significant diversity of animals and 
plants on the planet and for fixating over 1.5 billion tons of carbon annually (Rankin-de-Mérona 
et al. 1992). Besides, the hydrological system of the Amazon Basin, which accounts for one-fifth 
of all freshwater on the planet, it plays a crucial role in regulating the global and regional climate 
(Mittermeier et al. 2003). 
 The Amazon Domain 
The Amazon Domain is represented by more than seven million square kilometers in 
South America, and no less than 60% are in Brazilian territory, distributed across nine states of 
the federation: Acre, Amazonas, Amapá, Pará, Rondônia, Roraima, Tocantins, west of Maranhão 
and northern Mato Grosso (Rankin-de-Mérona et al. 1992). The domain is characterized by a 
mosaic of very distinct habitats composed by ombrophilous (open and dense) and seasonal 
(deciduous and semi-deciduous) forests, montane refuges, pioneer formations, ‘terra firme’ 
forests, floodplain, igapós, Campinaranas and Amazonian savannas (Museu Paraense Emílio 
Goeldi 2019). 
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In Roraima the Amazon comprises approximately 136,825 km2 of forest. The state is 
located in the northern region of Brazil, in the northern end of the Brazilian Amazon, and with a 
total area of 224,301km2 (Reis et al. 2003). It borders Venezuela to the north, Guyana to the east, 
the south and southeast borders the Brazilian state of Manaus, and the west borders the Pará state 
(Figure 1). According to Barbosa et al. (2005), Roraima has three types of climates, linked to its 
vegetation composition and the amount of rainfall accumulated yearly, which ranges from 1,000 
to over 2,000 mm. 
The vegetation in Roraima is quite diverse, ranging from Open and Dense Ombrophilous 
forests (from lowland to montane) to meadows and Campinaranas (from grassy to wooded), and 
the amazon savannas (Silva 1997; Barbosa & Bacelar-Lima 2008). The latter two are considered 
to be the most extensive and ecologically diverse ecosystems in the Amazonian domain. 
Dense Ombrophylous forest and Campinarana at Roraima 
The Ombrophilous forests (open and dense, based on tree coverage and canopy density) 
vary according to elevation from the Lowland Forests, or commonly known as the ‘Terra Firme’ 
(ranging from 0 to 100m elevation), Submontanas (100-600m) and Montanas (above 600m), in 
addition to Alluvial, which comprise the floodplain forests that are seasonally flooded, and 
classified as Lowland or Igapó Forests (Prance 1973, 1980; Veloso et al. 1991). The vegetation 
type found here is characterized as a perennial (or evergreen) forest whose canopy is up to 50 m, 
with emerging trees up to 40 m high. It has a dense shrub layer, consisting of ferns, arborescent 
trees, bromeliads, and palm trees (Alarcón & Peixoto 2007; Somavilla et al. 2014). 
Campinaranas and Campinas (i.e., Amazon meadows) are interconnected Amazonian 
semi-arid ecosystems, often subject to periodic flooding as a result of rain groundwater volume 
fluctuation (Guimarães & Bueno 2016). The plant species that comprise the ecosystem's flora are 
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characterized by a high sclerophilia, as a result of the overdevelopment of sclerenchyma, 
prevalent in plants that are typical of hot and dry climates (Silveira 2003). These ecosystems are 
generally characterized by low productivity, low diversity, and acidophilus and oligotrophic soil 
because of low organic production (Anderson 1981; Silveira 2003; Vicentini 2004). 
The meadows are open phytophysiognomies, usually with an herbaceous matrix with 
isolated shrubs ranging from one to five meters in height, with some individuals reaching nine 
meters (Guimarães & Bueno 2016). Campinaranas, on the other hand, are forest physiognomies 
characterized by relatively open understory trees with a scarcity of vines and lianas, the arboreal 
individuals can reach up to 30 meters high (Anderson 1981). 
According to Daly and Prance (1989), these ecosystems represent an area corresponding 
to over 80% of the Brazilian Legal Amazon. However, although it occupies a large area, studies 
on these ecosystems are scarce. It also must be emphasized how little is still known about this 
unique biodiversity, especially regarding its microbiota (Guimarães & Bueno 2016). 
Moreover, few studies have attempted to relate the variations, in terms of structure and 
species composition of these phytophysiognomies, to environmental characteristics. Little is also 
known about the origin, evolution, and dynamics of these phytophysiognomies and how these 
issues relate to geological, pedogenetic and morphogenetic processes. Thus, the fragmentation of 
knowledge and the scarcity of interdisciplinary studies that seek to elucidate these relationships 
are limiting factors for a better understanding of the diversity of these ecosystems. 
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Figure 1. Figure 1. (A) Brazilian map, with the state of Roraima highlighted in a darker shade; 
(B) Vegetational map of Roraima, including the countries and other states bordering this state 
and its diverse phytophysiognomies. 
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Protosteloid Amoebae 
 The protosteloid amoebae, formerly known as protostelids (Shadwick et al. 2009), are a 
non-monophyletic assemblage of eukaryotic sporocarpic amoebae, found in both major 
subgroups of Amoebozoa, Evosea (Tevosa) and Discosea (Cavalier-Smith et al. 2015; Kang et 
al. 2017). Between a pod and a hard test: the deep evolution of amoebae. Molecular biology and 
evolution, 34(9), 2258-2270.). Within the Amoebozoa, there are at least eight well-supported 
lineages that contain protosteloid amoebae and similar fruiting organisms (Shadwick et al. 2009; 
Lahr et al. 2011; Tice et al. 2016). Four of these contain only protosteloid amoebae, but four 
combine protosteloid (fruiting) and non-fruiting organisms. There are no strongly supported 
relationships among any of the protosteloid-containing groups or between any of the related 
groups and the myxogastrids (Schnittler et al. 2012). However, in this study, they were grouped 
together with similar organisms (e.g., the heterolobosean Acrasis kona M.W.Br., Silberman & 
Spiegel, the thecamoebidean Sappinia pedata P.A.Dang., and Echinostelium 
bisporum  [L.S.Olive & Stoian.] K.D.Whitney & L.S.Olive and Echinosteliopsis oligospora D.J. 
Reinh. & L.S.Olive, both being myxomycetes) because of their morphological and ecological 
similarities. 
 The first protosteloid amoeba recognized as such was Protostelium mycophaga L.S. 
Olive & Stoian., L.S. Olive & Stoian. (Olive & Stoianovitch 1960, 1969). From the 1960s until 
the present, nearly 40 species of protosteloid amoebae have been formally described (Spiegel et 
al. 2007, 2017). In Brazil, the protosteloid amoeba found in Atlantic Rainforest was described by 
Olive and Stoianovitch (1971), Protostelium aurantium L.S. Olive & Stoian. was isolated from 
samples of dead inflorescence collected at the Botanical Garden of Rio de Janeiro, RJ. 
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The general life cycle of the organisms in this group consists of a single amoeba or 
fragments of larger amoebae dividing into smaller nucleated units and then differentiating into a 
single stalked, microscopic sporocarp of approximately 5 to 500 µm high that supports one or, in 
some cases, a few spores (Olive 1975; Spiegel 1990; Spiegel et al. 2004a; Shadwick et al. 2009). 
In those species that have simple life cycles, the spore germinates into a uninucleate amoeba 
(sometimes alternating with amoeboflagellate stages) as a trophic cell which eventually develops 
into a sporocarp. Complex life cycles may involve the sexual fusion of amoeba or 
amoeboflagellates, multinucleate (plasmodial) amoebae, or cysts (Spiegel et al. 1995). Most the 
members of this group with complex life cycles appear likely to be sexual (Lahr et al. 2011; 
Spiegel 2011), and where evidence for meiosis has been observed, it has been associated with 
sporulation (Spiegel 1990, 1991). 
Most species are bacterivorous but some examples may prey on other microorganisms, 
such as fungi and other protists (Spiegel 1990). The protosteloid amoeba can be detected in both 
terrestrial and freshwater environments, colonizing a wide range of microhabitats that may 
include dead plant debris, ground and aerial litter, the bark of living trees, herbivore dung, soil 
among others, with different preferences among species, although some of the latter are very 
common and nearly ubiquitous (Lindley et al. 2007; Tesmer & Schnittler 2009; Spiegel et 
al. 2004b, 2017). 
Although the protosteloid amoebae can be more common in some parts of the world, past 
inventories have indicated that they can occur in every type of terrestrial system where there is 
an abundance of organic plant material (e.g., Ndiritu et al. 2009; Zahn et al. 2014; Spiegel et al. 
2017). Moreover, most species appear to be global in distribution, and while recent studies 
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suggest that there may be some biogeographic patterns, very little is still known about their 
global diversity and ecological preferences (Ndiritu et al. 2009; Spiegel et al. 2017).  
In addition, even though the results obtained from previous studies have provided some 
evidence on the presence of species of protosteloid amoebae in tropical forests (Stephenson & 
Moore 1998; Stephenson et al. 1999; Moore & Spiegel 2000; Moore & Stephenson 2003; 
Powers & Stephenson 2006), there are still gaps in information on the distribution of these 
microorganisms in the tropical forests of South America, and thus far no such study has been 
conducted in Brazil. 
Objective 
Although initially comprising almost 60% of the national territory, in the last decades the 
Amazon has suffered significant losses due to several factors, such as investments in 
infrastructure, logging, lumber extraction, agriculture and livestock (Carvalho et al. 2001). In the 
last ten years, for example, the Brazilian Amazon has lost more than 100,000 km² of forest 
(Nepstad et al. 2001; Fearnside 2010). 
Thus, not only is the fact that there is a high rate of deforestation and biodiversity loss, 
but also the changes in climate and the carbon cycle, especially in regional and global, micro- 
and macroscales, are particularly troublesome. Given these considerations, the main focus of this 
study was to conduct an assessment survey on the occurrence and distribution of the protosteloid 
amoebae of Brazil and to investigate the occurrence and distribution of aerial litter, ground litter 
and inflorescence inhabiting amoeboid protists that occur in areas of the Amazon 
phytophysiognomy gradient between Campinarana and Dense Ombrophylous forest at the Viruá 
National Park at Roraima. 
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Material and Methods 
Collection site and field collections 
The research was conducted at the Viruá National Park, which is located in the state of 
Roraima in the far northern region of Brazil (1°30′36″ N, 60°42′59″ W). It was created in 1998, 
located in the municipality of Caracaraí approximately 140 km from Boa Vista, the state capital, 
bordering on the north with Caracaraí Ecological Station, on the west with the Branco river, the 
east with the initial route of interstate BR 174 and to the south with the Anauá River (Brazil 
1998; Reis et al. 2003). The park encompasses an area of 227,011 ha, consisting of a mosaic of 
phytophysiognomies such as Lowland, Submontane and Alluvial Open and Dense Ombrophilous 
Forests (including floodplains and igapós), as well as Forested, Wooded and Grassy Woody 
Campinaranas (Veloso et al. 1991) (Figure 3). The climate is Am (tropical monsoon climate) 
according to the Köppen climate classification system, with rainfall of approximately 2,000 mm 
per year, and elevations ranging between 60-360m (Schaefer et al. 2009). 
Field expeditions were carried out during the month of August of 2013, where samples 
from aerial litter, ground litter and inflorescences were collected from six areas along the forest 
gradient between Campinarana and Dense Ombrophylous forest, packed in paper bags, allowed 
to air-dry, and sent to the Department of Biological Sciences, University of Arkansas (USA) for 
culture and analysis. 
Laboratory culture, analysis and identification of specimens 
Eighteen samples of aerial litter (dead primary tissue still attached to living plants), 
ground litter (dry mass of leaf litter under the tree row), and inflorescences (dead flowers or any 
branching system that ends in flowers and still attached to living plants) were used for the 
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culturing of protosteloid amoebae in laboratory following the culturing methods developed by 
Moore & Spiegel (1995) and Spiegel et al. (2007a) after Olive (1975). 
Each sample was cut into small pieces (about 1 cm wide and 2 cm long) and soaked in 
sterile water for 20 min. In order to obtain as many taxa as possible, five replicates of each 
sample were plated out, 90  Petri dishes in total. About eight pieces or strips of dead plant matter 
per sample were plated (gently pressed to the surface of the agar) in lines on a 9 cm Petri dish 
containing a weak malt yeast nutrient agar medium (0.02 g malt extract, 0.02 g yeast extract, 
0.75 g K2HPO4, 15 g agar/L of distilled water) and left at room temperature (22-24°C), away 
from direct light. Checking of culture plates began approximately three days after samples were 
plated out and continued for three weeks. Stereomicroscope and optical microscope were used 
for examination species, which were identified by sporocarp morphology and, when necessary, 
by amoebae characteristics. 
Identification and nomenclature of the protosteloid amoebae species follow the 
terminology proposed by Olive (1975) and Lado (2019) and the classification proposed by Olive 
(1967), Olive (1970), Spiegel et al. (2004b) and Spiegel et al. (2010) complemented with 
pertinent specialized literature. 
Ecological analysis 
Excel software with the XLSTAT, 2019.2.1 software extension was used for all of the 
statistical analyses and graphic generation (Addinsoft 2019). 
For each microhabitat, surveyed area and phytophysiognomy studied, the frequency of 
occurrence and constancy of families, genera, and species were calculated, as well as the 
diversity and similarity indices for each microhabitat and phytophysiognomies (Stephenson 
1988; Ogata et al. 1996).  
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The abundance of species in each microhabitat and phytophysiognomy was determined 
using the formula Di = ni x 100 / N (Di = the species “i” distribution, ni = number of samples of 
species “i” and N = total number of samples) and considering the categories: rare (< 1%), 
occasional (> 4.9–1%), common (> 10–5%) and abundant (> 10% abundant) (Schnitler & 
Stephenson 2000; Ndiritu et al. 2009). 
After examining the assemblage of species observed in the present study, the different 
microhabitats and phytophysiognomies were compared among each other using the Jaccard 
similarity index (Krebs 1989; Valentin 2000). To compare the diversity of each microbiota, 
species richness (S) and diversity were also calculated. For the latter, the Shannon-Wiener index 
(H'), was determined, which takes into account both the number of species and the evenness 
between them, incorporating information about species richness and relative abundances. The 
Simpson (1-D) diversity index was also calculated to evaluate the uniformity of each assemblage 
of species sampled (Krebs 1989; Zarr 1996) and to determine whether there were patterns in 
their diversity. The similarity between them was also analyzed through the comparison of species 
richness by the Jaccard's Index of similarity, where J(A,B) = P(AÇB)|P(AÈB) (Guha et al. 
2000). 
A t-test statistically analyzed the significance of the data obtained in the study, and a G 
test was used to verify whether there are differences in the richness and diversity of species that 
occupy different microhabitats and phytophysiognomies (Sokal & Rohlf 1996). 
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Figure 3. (A-B) Campinarana Forest interior with predominance of relatively thin trees; (C) 
Campinarana forest floor depicting ground litter; (D-E) transition areas between Campinarana 
and Ombrophila Dense forest; and (F) Ombrophilous Dense forest at the Viruá National Park, 
Roraima – Brazil. 
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Results and Discussion 
The ninety cultures prepared with plant material collected along the edaphic gradient 
between Campinarana and Dense Ombrophylous from the Viruá National Park in Caracaraí, 
Roraima resulted in 88.9% positivity rate (seventy-eight positive plates), with an average of 2.9 
species per sample. Twenty-five species were identified; these represented 16 genera and six 
families distributed among three microhabitats: aerial litter, ground litter, and inflorescences 
(Figure 4). Twenty-two of 25 species are currently recognized as protosteloid amoebae, while 
three minute species (Acrasis kona, Echinostelium bisporum, and Sappinia pedata) comprise 
related species which are not included in this particular group but are often treated as such in 
studies similar to the one reported herein (Table 1). 
The number of species found can be considered high when compared to other surveys 
carried out in tropical forests. The number of species found here can be considered relatively 
high when compared to other surveys developed in tropical forests (Spiegel et al. 2017). 
Currently, Hawaii holds the highest species richness with thirty-three (Spiegel et al. 2007a) 
followed by the Congo (de Haan et al. 2014), Costa Rica (Stephenson & Moore 1998, Moore & 
Stephenson 2003), Puerto Rico (Stephenson et al. 1999, Moore & Spiegel 2000), and Australia 
(Powers & Stephenson 2006) with twenty-tree, sixteen, thirteen and eight species, respectively. 
Of all identified taxa, 24 represent new records for Brazil. Among these, Protostelium 
mycophaga was by far the most abundant, responsible for 28% of the total samples collected in 
this study, found in all phytophysiognomies, substrates and collected areas (Table 1). This 
particular species has been reported by several inventories as present in all climate zones, 
common in many microhabitats but especially abundant on aerial litter (de Haan et al. 2014; 
Spiegel et al. 2017). Several authors have suggested that P. mycophaga most likely represents a 
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complex of subspecific taxa and/or a group of cryptic species (Spiegel et al. 2007; Ndiritu et al. 
2009). 
Protostelium aurantium  and Cavostelium apophysatum L.S. Olive represented the 
second and third most abundant species in the present study, accounting for 11.7% and 11.1%, 
respectively, of the total samples found at the Viruá National Park. Similarly, these two species 
are not uncommon in areas of tropical forests. Ndiritu et al. (2009) and de Haan et al. (2014) 
considered C. apophysatum as one of the most common species in tropical areas, which is 
corroborated by the results found in the present study. Likewise, although not always found in 
abundance, the presence of P. aurantium, a species morphologically very similar to P. 
mycophaga, in tropical rainforests has been reported in Cuba, Puerto Rico, and Hawaii, usually 
in association with aerial litter (Stephenson & Moore 1998; Stephenson et al. 1999; Moore & 
Stephenson 2003; de Basanta & Estrada-Torres 2003; Spiegel et al. 2007a; Schnittler et al. 
2012). 
The different areas within the gradient between Campinarana and Dense Ombrophylous 
forest supported a varying number of species, without any particular pattern among them (Table 
1 and Figure 5). The highest species numbers were obtained from area 4, 6 and 1, respectively, 
which yielded eighteen, thirteen and twelve species, with the diversity indices observed being 
area 4 H' = 2.23, area 6 H' = 1.53; and area 1 H' = 1.58. Among the other areas studied, area 2 
was the area with the lowest number and diversity of species (S = 8; H' = 1.34), followed by area 
3 (S = 9; H' = 1.5) and subsequently area 5 (S = 11; H' = 1.91).  
The Jaccard similarity coefficient indicated that despite differences in the number of 
species and diversity present in each area, the assemblage of species appeared to be more similar 
between the areas within each phytophysiognomy. However, it was not possible to attribute the 
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role of each of these locations when it comes to determining species diversity. Perhaps a 
different approach with the inclusion of more areas or even a greater distance between them is 
necessary to elucidate a distribution pattern specifically related to a particular area. 
In contrast, the community of species present in Ombrophylous forest and Campinarana 
was significantly different (J=0.41; P<0.05). Among the two phytophysiognomies, 
Ombrophylous forest showed a higher species richness (S=22) and diversity (H' = 4.44; 1-D = 
0.9) than Campinarana (S = 16; H' = 1.56; 1-D = 0.76).  Among the 25 species found, thirteen 
species were common to both Amazonian environments (Figure 6). 
There have been very few studies on the distribution of Amazonian species along 
vegetational gradients, especially with respect to distribution patterns or ecological preferences. 
However, it is known that there is great structural and floristic heterogeneity when comparing the 
ecosystems that integrate into this domain (Guimarães & Bueno 2016). 
According to Vicentini (2004), the diversity of species along forest gradients tends to be 
higher in Ombrophylous dense forests and decrease, along this gradient towards the 
Campinaranas, accompanying the decrease in soil fertility. The conditions where the 
Campinaranas develop are known to be characterized by water and nutritional stress conditions 
typical of arid and desert areas (Parolin et al. 2008). Thus, the species that can colonize these 
environments usually have morphological and physiological adaptations that allow them to 
develop in these places; these are the determinants that can explain the lower diversity of these 
ecosystems when compared to Ombrophylous forests. Smaller species richness and diversity 
observed in drier areas (areas 1, 2, and 3) and higher biodiversity in humid areas (areas 4, 5, and 
6) occurred in this study. 
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The greater diversity observed in area 1, included in the Campinarana, (S = 12; H' = 1.58) 
may be explained by the fact that the Campinaranas often occur in the form of islands amid a 
matrix of Ombrophylous forest (Prance 1996; Ferreira 2009), and the central part of these 
islands, where the vegetation is more open, often coincides with a background of soft 
depressions (Bueno 2009). From the bottom to the edges of these depressions (characteristic of 
areas 1 and 4 in this study) there are variations in the physicochemical characteristics of the soil 
(Colinvaux et al. 2000; Nascimento et al. 2004), as well as changes in areas of vegetation which 
are subjected to periodical flooding, increasing humidity, soil fertility, leading to an increase in 
local biodiversity (Fine et al. 2006). 
In a comparable study, where protosteloid amoebae where sampled from sites ranging 
from tropical forests to deserts in Australia, Powers & Stephenson (2006) commented that 
samples from the woodland site characterized by intermediate moisture conditions had the most 
species richness, followed by samples from dry woodlands, tropical forests, and desert areas. The 
least species richness and diversity in arid areas also were reported by Schnittler (2001) in desert 
areas in western Kazakhstan, commented upon by Aguilar & Lado (2012) and Spiegel et al. 
(2017) in ecological revisions of the group. 
Among the sixteen species found in the Campinarana, two were considered as abundant, 
four were common, five were classified as occasional and five were rare (Table 2). Although not 
common in drier areas, Protostelium mycophaga was the most abundant taxon.  Protostelium 
aurantium and Schizoplasmodiopsis pseudoendospora M. M. L S. Olive, Martin and Stoian. 
were the second and third most abundant taxa and together with P. mycophaga accounting for 
almost 70% of all samples in this type of phytophysiognomy; all three taxa are considered as 
cosmopolitan. Protostelium okumukumu Spiegel, Shadwick & Hemmes, Acanthamoeba 
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pyriformis (L.S.Olive & Stoian.) Spiegel & L. Shadwick, and Sappinia pedata were observed 
only in this type of environment. 
Within the Campinarana, inflorescences was the microhabitat with the most number of 
species (nine), aerial litter had seven species, and only two species were recorded from plates 
prepared with ground litter (Figure 7). Even in drier areas, the inflorescence morphology with 
grooves and depressions facilitates moisture retention, consequently generating favorable 
microenvironmental conditions for the development of bacteria and other microorganisms that 
serve as the primary energy source for protosteloid amoebae, hence the preference of these 
organisms for this particular microhabitat (de Oliveira et al. 2018).  
Most of the species found in areas of Dense Ombrophylous forest were classified as 
occasional (13 species), while four species were abundant, three were rare and only two were 
classified as common (Table 2). Of the twenty-two species present, nine were unique to this type 
of forest. Cavostelium apophysatum (18.3% of the samples), Protostelium mycophaga (14.9%), 
Schizoplasmodiopsis pseudoendospora (12.4%) and Soliformovum irregularis (L.S.Olive & 
Stoian.) Spiegel (11.2%) were the most abundant species. 
Among the microhabitats studied in the Ombrophylous forest, aerial litter was the most 
productive microhabitat, yielding eleven species, while eight species were found in association 
with inflorescences and seven species were observed on ground litter. It is important to highlight 
the presence of Endostelium amerosporum L.S. Olive, Schizoplasmodiopsis micropunctata L.S. 
Olive and Stoian., and Schizoplasmodium seychellarum L.S. Olive and Stoian., species 
considered to be very rare and usually found associated with aerial litter (Spiegel et al. 2007b). 
It is known that microhabitat type also has an important influence on niche segregation, 
and it has been frequently mentioned as an important factor in the ecology of these organisms 
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(Olive 1975; Spiegel 1986; Spiegel et al. 2004; Aguilar & Lado 2012). When species richness 
from each microhabitat was considered (Table 3), aerial litter and inflorescences demonstrated 
greater numbers (S = 19 and S = 18, respectively), while only thirteen species were identified 
colonizing ground litter. Percentages of samples colonized were also similar for the aerial litter 
and inflorescence microhabitats. Nine species were common to all three microhabitats,  
inflorescence and ground litter shared 12 taxa in common, the same number of species was 
shared by inflorescences and aerial litter, and ground and aerial litter shared the smallest number 
of taxa (10) (Figure 8). 
None of the taxa identified in this study were exclusive to ground litter, three were found 
only inhabiting inflorescences (Clastostelium recurvatum L.S. Olive & Stoian.; Protostelium 
okumukumu; and Schizoplasmodiopsis micropunctata), and six taxa were exclusive to aerial 
litter:  Acanthamoeba pyriformis; Endostelium amerosporum; Nematostelium ovatum (L.S. Olive 
& Stoian.) L.S. Olive & Stoian.; Protostelium nocturnum Spiegel; Sappinia pedata; and 
Schizoplasmodium seychellarum (Table 3). Among the six species found only in the aerial litter 
microhabitat, most of them seem to be globally abundant species, except for C. recurvatum 
which tends to be more common in tropical forests than in temperate regions (de Haan et al. 
2014; Spiegel et al. 2017). 
As expected, aerial litter also presented the highest diversity index (H' = 2.18; 1-D = 
0.88), followed by ground litter (H' = 2.08; 1-D = 0.87) and inflorescences (H' = 1.78; 1-D = 
0.81). This result collaborates with most global ecological inventories which commented on the 
fact that most common species tend to be found more often on aerial litter than any other 
microhabitat (Aguilar et al. 2011; Spiegel et al. 2017). 
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Values generated with the Jaccard similarity Index indicated that the assemblage of 
species in each microhabitat had relatively low similarity, indicating that each assemblage of 
species is significantly different (P<0.05). According to the index, the more similar microhabitats 
in terms of species composition were inflorescences and aerial litter (J = 0.48), followed by 
inflorescences and ground litter (J = 0.45) and lastly aerial litter and ground litter (J = 0.39). This 
pattern of similarity probably can be related to the dispersal type (mostly by wind) used by the 
species found in each microhabitat (Tesmer et al. 2005; Spiegel et al. 2006). 
On a continental scale, Aguilar & Lado (2012) commented on the possibility of finding 
different assemblages in the same microhabitat and that these differences would be caused by 
different climate conditions depending on the region in which the samples were collected 
(Ndiritu et al. 2009; Aguilar et al. 2011). Although not yet statistically demonstrated, there is a 
tendency that at least some species favor ground litter in boreal areas and move to aerial litter in 
tropical areas (Moore & Spiegel 2000; Spiegel & Stephenson 2000; Spiegel et al. 2017).
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Table 1. List of the taxa recorded from the Viruá National Park (Caracaraí, RR). 
TAXA ABU (%) CO OCC Phyto 
Acanthamoeba pyriformis (L.S.Olive & Stoian.) Spiegel & L. Shadwick  1 0.20% R 1 Ca 
Acrasis kona M.W.Br., Silberman & Spiegel 15 3.40% O 1, 2, 3, 4 Ca, F 
Cavostelium apophysatum L.S.Olive 49 11.10% A 1, 2, 4, 5, 6 Ca, F 
Clastostelium recurvatum L.S.Olive & Stoian. 2 0.50% R 4 F 
Echinosteliopsis oligospora D.J.Reinh. & L.S.Olive 23 5.20% C 1, 2, 3, 5, 6 Ca, F 
Echinostelium bisporum (L.S.Olive & Stoian.) K.D.Whitney & L.S.Olive 17 3.90% O 1, 2, 6 Ca, F 
Endostelium amerosporum L.S.Olive 5 1.10% O 4, 5 F 
Endostelium zonatum (L.S.Olive & Stoian.) W.E.Benn. & L.S.Olive 3 0.70% R 4, 6 F 
Luapeleamoeba arachisporum (L.S.Olive) Tice & Brown 6 1.40% O 3, 4 F 
Microglomus paxillus L.S. Olive & Stoian. 5 1.10% O 5 F 
Nematostelium gracile (L.S.Olive & Stoian.) L.S.Olive & Stoian. 
/Ceratiomyxella tahitiensis L.S.Olive & Stoian. 20 4.50% O 1, 4, 5, 6 Ca, F 
Nematostelium ovatum (L.S.Olive & Stoian.) L.S.Olive & Stoian. 2 0.50% R 4 F 
Protostelium aurantium L.S.Olive & Stoian. 52 11.80% A 1, 2, 3, 4, 6 Ca, F 
Protostelium mycophaga L.S.Olive & Stoian. 124 28.10% A 1, 2, 3, 4, 5, 6 Ca, F 
Protostelium nocturnum Spiegel 6 1.70% O 4, 6 F 
Protostelium okumukumu Spiegel, Shadwick & Hemmes 2 0.50% R 3 Ca 
Sappinia pedata P.A.Dang. 1 0.20% R 2 Ca 
Schizoplasmodiopsis amoeboidea L.S.Olive & K.D.Whitney 15 3.40% O 1, 2, 4, 5, 6 Ca, F 
Schizoplasmodiopsis micropunctata L. S. Olive and Stoian 1 0.20% R 6 F 
Schizoplasmodiopsis pseudoendospora M. M. L S. Olive, Martin and Stoian 40 9.10% C 1, 2, 4, 5, 6 Ca, F 
Schizoplasmodium cavostelioides L.S.Olive & Stoian. 7 1.60% O 4, 5 F 
Schizoplasmodium seychellarum L.S.Olive & Stoian. 4 0.90% R 4 F 
Soliformovum expulsum (L.S.Olive & Stoian.) Spiegel 4 0.90% R 3, 4, 5 Ca, F 
Soliformovum irregularis (L.S.Olive & Stoian.) Spiegel 33 7.50% C 1, 3, 4, 5, 6 Ca, F 
Tychosporium acutostipes Spiegel, D.L.Moore & J.Feldman 5 1.10% O 1, 4, 6 Ca, F 
 Note: ABU = Number of individuals of each species; (%) = Percentage of sample representability (%); CO =  Constancy; OCC = Occurrence; Phyto = 
Phytophysiognomy; F = Dense Ombrophylous forest; Ca = Campinarana;  A = Abundant; C = Common;  O = Occasional; R = Rare.   
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Table 2. Representability of the taxa recorded for Viruá National Park (Caracaraí, RR) among the Campinarana and Ombrophylous 
forests. 
TAXA 
Campinarana Ombrophylous forest 
Abundance 
CON Microhabitat 
Abundance 
CON Microhabitat 
Nº SR (%) Nº SR (%) 
Acanthamoeba pyriformis 1 0.5% R Ae - - - - 
Acrasis kona 12 5.9% C Ae, In 3 1.2% O Ae 
Cavostelium apophysatum 5 2.5% O Ae, In 44 18.3% A Ae, Gr, In 
Clastostelium recurvatum - - - - 2 0.8% R In 
Echinosteliopsis oligospora 12 5.9% C Ae, Gr, In 11 4.6% O Ae, Gr 
Echinostelium bisporum 13 6.4% C Ae, In 4 1.7% O In 
Endostelium amerosporum - - - - 5 2.1% O Ae, In 
Endostelium zonatum - - - - 3 1.2% O Gr, In 
Luapeleamoeba arachisporum 1 0.5% R In 5 2.1% O Ae 
Microglomus paxillus - - - - 5 2.1% O Ae, Gr 
Nematostelium gracile/Ceratiomyxella tahitiensis 1 0.5% R In 19 7.9% C Ae, Gr, In 
Nematostelium ovatum - - - - 2 0.8% R Ae 
Protostelium aurantium 38 18.8% A Ae, In 14 5.8% C Ae, Gr, In 
Protostelium mycophaga 88 43.6% A Ae, Gr, In 36 14.9% A Ae, Gr, In 
Protostelium nocturnum - - - - 6 2.5% O Ae 
Protostelium okumukumu 2 1.0% O In - - - - 
Sappinia pedata 1 0.5% R Ae - - - - 
Schizoplasmodiopsis amoeboidea 5 2.5% O Ae, Gr, In 10 4.1% O Ae, Gr 
Schizoplasmodiopsis micropunctata - - - - 1 0.4% R Gr, In 
Schizoplasmodiopsis pseudoendospora 14 6.9% C Ae, Gr 30 12.4% A Ae, In 
Schizoplasmodium cavostelioides - - - - 3 1.2% O Ae, Gr, In 
Schizoplasmodium seychellarum - - - - 4 1.7% O Ae 
Soliformovum expulsum 2 1.0% O Gr 3 1.2% O Gr, In 
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Table 2. (Cont.) 
TAXA 
Campinarana Ombrophylous forest 
Abundance 
CON Microhabitat 
Abundance 
CON Microhabitat 
Nº SR (%) Nº SR (%) 
Soliformovum irregularis 6 3.0% O Ae, In 27 11.2% A Ae, Gr, In 
Tychosporium acutostipes 1 0.5% R In 4 1.7% O Gr, In 
 
Note: Nº = Number of individuals of each species; SR (%) = Percentage of sample representability (%); A = Abundant; C = Common;  O= Occasional; R = Rare.  
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Table 3. Representability of the taxa recorded at the Viruá National Park (Caracaraí, RR) among aerial litter, ground litter and 
inflorescences. 
TAXA 
Aerial Litter Ground Litter Inflorescence 
Abundance 
CON 
Abundance 
CON 
Abundance 
CON 
Nº SR (%) Nº SR (%) Nº SR (%) 
Acrasis kona 7 3.30% O - - - 8 5.40% C 
Cavostelium apophysatum  36 17.00% A 3 3.60% O 10 6.80% C 
Clastostelium recurvatum  - - - - - - 2 1.40% O 
Echinosteliopsis oligospora 5 2.40% O 11 13.30% A 7 4.80% O 
Echinostelium bisporum 2 0.90% R - - - 15 10.20% A 
Endostelium amerosporum 5 2.40% O - - - - - - 
Endostelium zonatum - - - 1 1.20% O 2 1.40% O 
Microglomus paxillus 3 1.40% O 2 2.40% O - - - 
Nematostelium gracile/Ceratiomyxella tahitiensis 8 3.80% O 10 12.00% A 2 1.40% O 
Nematostelium ovatum  2 0.90% R - - - - - - 
Protostelium aurantium 19 9.00% C 4 4.80% O 29 19.70% A 
Luapeleamoeba arachisporum 5 2.40% O - - - 1 0.70% R 
Protostelium mycophaga 52 24.50% A 19 22.90% A 53 36.10% A 
Protostelium nocturnum 6 2.80% O - - - - - - 
Protostelium okumukumu - - - - - - 2 1.40% O 
Acanthamoeba pyriformis 1 0.50% R - - - - - - 
Sappinia pedata 1 0.50% R - - - - - - 
Schizoplasmodiopsis amoeboidea 9 4.20% O 5 6.00% C 1 0.70% R 
Schizoplasmodiopsis micropunctata - - - - - - 1 0.70% R 
Schizoplasmodiopsis pseudoendospora  23 10.80% A 16 19.30% A 1 0.70% R 
Schizoplasmodium cavostelioides 1 0.50% R 2 2.40% O 4 2.70% O 
Schizoplasmodium seychellarum 4 1.90% O - - - - - - 
Soliformovum expulsum - - - 3 3.60% O 1 0.70% R 
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Table 3. (Cont.) 
TAXA 
Aerial litter Ground Litter Inflorescence 
Abundance 
CON 
Abundance 
CON 
Abundance 
CON 
Nº SR (%) Nº SR (%) Nº SR (%) 
Soliformovum irregularis 23 10.80% A 5 6.00% C 5 3.40% O 
Tychosporium acutostipes - - - 2 2.40% O 3 2.00% O 
 
Note: Nº = number of individuals of each species; SR (%) = Percentage of sample representability (%); A = Abundant; C = Common;  O = Occasional; R= Rare.   
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Figure 4. (A) Acrasis kona fruiting on an inflorescence; (B) Echinostelium bisporum on an 
inflorescence; (C) Cavostelium apophysatum on aerial litter; (D) C. apophysatum on an 
inflorescence; (E) Clastostelium recurvatum on an inflorescence; (F) Echinosteliopsis oligospora 
on ground litter; (G) E. oligospora on aerial litter; (H) hydrated spores of E. oligospora fruiting 
on an inflorescence; (I) Microglomus paxillus on aerial litter; (J) M. paxillus on ground litter; (K) 
Endostelium zonatum on an inflorescence; (L) detailed image of a Nematostelium 
gracile/Ceratiomyxella tahitiensis spore; (M) N. ovatum on aerial litter; (N) Protostelium 
aurantium on an inflorescence; (O) Protosporangium articulatum on an inflorescence; (P) 
Protostelium apiculatum on aerial litter; (Q) L. arachisporum on aerial litter; (R) stalks and spore 
of P. mycophaga fruiting on aerial litter; (S) P. okumukumu on an inflorescence; (T) stalks and 
spore of A. pyriformis fruiting on aerial litter; (U) Schizoplasmodiopsis amoboidea on aerial 
litter; (V) S. pseudoendospora on aerial litter; (W) S. pseudoendospora on ground litter; (X) stalk 
and spore of Schizoplasmodium cavostelioides fruiting on an inflorescence; (Y) Soliformovum 
expulsum on an inflorescence; and (Z) Tychosporium acutostipes on ground litter. Scale bars = 
10 µm, except A = 50 µm. 
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Figure 5. Representability of each taxon recorded at the Viruá National Park (Caracaraí, RR) 
distributed among the six collected areas. 
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Figure 6. The Venn diagram represents the number of taxa present in the Dense Ombrophylous 
forest and the Campinarana as well as the intersection between and among them. 
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Figure 7. Representability of the taxa recorded for Viruá National Park (Caracaraí, RR) among 
the Dense Ombrophylous forest and Campinarana in each microhabitat. 
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Figure 8. The Venn diagram represents the taxa present in each sampled microhabitat as well as 
the intersection between and among them. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Ground litter 
Aerial litter 
Inflorescence 
18 
13 
19 
12 
12 10 
9 
  290 
29
0 
 
Conclusions 
It is well known that the Amazon forest is characterized by one of the richest levels of 
biodiversity on the planet. However, there have been very few studies that have focused on its 
microbiota and, more specifically, no ecological studies on protosteloid amoebae have been 
conducted. Therefore, the present study generated the data required to develop a better 
understanding and more detailed knowledge related to microbial diversity in areas where such 
knowledge is still poorly measured. 
The high abundance, species richness, and diversity observed for a limited number of 
samples suggest that the investigated region can be considered as a suitable and productive area 
for the development of protosteloid amoebae. In the Brazilian Amazon, not only globally 
distributed species were found but also rare species with more restricted distribution patterns. 
Twenty-five species were recorded, representing sixteen genera and six families. Among 
them, Protostelium mycophaga was by far the most abundant taxa. Cavostelium apophysatum 
and Protostelium aurantium were also abundant. All three taxa are considered to be 
cosmopolitan. Among all the species identified at the Viruá National Park, 24 represent new 
records for Brazil. 
The Ombrophylous forest exhibited a greater species richness (S = 22) and diversity (H' = 
4.44; 1-D = 0.9) when compared with the Campinarana (S = 16; H' = 1.56; 1-D = 0.76). Also, in 
general, aerial litter and inflorescences demonstrated greater species richness (S = 19 and S = 18, 
respectively), while only thirteen taxa were identified on ground litter. Aerial litter also presented 
the greatest diversity index (H' = 2.18; 1-D = 0.88), followed by ground litter (H' = 2.08; 1-D = 
0.87) and inflorescence (H' = 1.78; 1-D = 0.81). The Jaccard Similarity Index indicated a 
significant distinction among the assemblages of species that occupy aerial litter, ground litter, 
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and inflorescences. There's also a substantial difference between the two ecosystems 
(Campinarana and Dense Ombrophylous forest) within the Amazon biome.   
Although limited in extent, the data obtained for Viruá National Park represent a 
contribution towards the objective of developing a more complete understanding of the 
distribution and ecology of protosteloid amoebae in Brazil. More importantly, the results 
obtained in the present study provide a basis from which further studies can be developed in the 
country and for obtaining a better perception of the global diversity and biogeography of these 
organisms. 
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Conclusions 
Tropical rainforests are characterized by their incredible richness of species and 
landscapes, warm climate, high annual rainfall, and constant humidity. These are regions located 
between the Tropic of Cancer and Tropic of Capricorn, found in Africa, Asia, and Central and 
South America. However, despite the abundance of resources and their importance as a reactor 
for the balance of global environmental stability, there are still many areas where rainforests are 
not yet studied or predominantly understudied, and this is especially true for the Brazilian 
rainforests.  
Therefore, this dissertation consists of six chapters that consider the systematics and 
biogeography of four groups of microorganisms (myxobacteria, myxomycetes, dictyostelid 
cellular slime molds and protosteloid amoebae) in areas of Amazon forest and Atlantic rainforest 
located in the far north and northeast of Brazil, respectively. 
The first chapter included in this dissertation presents a general overview of the 
biogeographical patterns of microorganisms, in which the contemporary selection and historical 
processes are debated and the conceptual theories and methodological revision of the limitations 
in microbial ecology and biogeography are discussed, while also considering the processes that 
can generate biogeographic patterns and the tools used to measure it. 
A bibliographic revision of the species of myxomycetes known in Brazil and their 
distribution among the different vegetation physiognomies throughout the country is presented in 
chapter two. In this chapter, the previous knowledge of Brazilian species richness and 
distribution patterns since the earliest records of the presence of this group in Brazil around the 
19th century is expanded. Moreover, most of the articles published on the subject were published 
in Portuguese, available only on regional or local journals or even restricted to a thesis or 
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dissertation that could be accessed only in local libraries, which made the information containing 
in them difficult to access. Thus, the chapter facilitates access to the myxomycetes bibliography 
to the global scientific community. Furthermore, the results have several implications for the 
possible endemicity of some species in the group as well as identifying the gaps and limitations 
on the current studies and prospects for the future. 
The third chapter lists the presence of 25 species of myxobacteria associated with 
decaying plant material sampled from the Recife Botanical Garden an Atlantic rainforest reserve 
located in Pernambuco, northeastern Brazil. The species are characterized and identified based 
on the sequences of 16S rRNA gene fragments amplified from 48 extracted DNA samples. In 
this study molecular phylogenetics was used to classify 27 different bacterial OTUs into two 
myxobacterial suborders (Cystobacteraceae and Sorangiineae), three families and ten genera. 
Additionally, two of the OTUs could not be identified and potentially represent new species. The 
results detailed in this chapter are particularly significant, mainly because it is a pioneer study 
regarding the distribution of myxobacteria in Brazil, allied with to the fact that there are few 
remaining areas of Atlantic rainforest still remaining in the state of Pernambuco. 
The fourth chapter of this dissertation describes the microhabitat preferences and 
distribution of 110 species of Ceratiomyxomycetes and Myxomycetes collected at the Viruá 
National Park inserted in the Amazon forest, at the state of Roraima, in the Northern region of 
Brazil. The results suggest that there is a rich and taxonomically diverse myxobiota in the studied 
area, with the predominance of lignicolous, corticicolous and foliicolous taxa, and species 
considered rare and possibly endangered. Among the species identified in the study, 68 represent 
new records for the Amazon Domain, and twelve are listed for the first time in Brazil, thus 
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increasing the available knowledge about the distribution of these groups of microorganisms in 
the country. 
The taxonomic composition of dictyostelid cellular slime molds present in an area of the 
Atlantic rainforest located in São Lourenço da Mata, northeast Brazil is presented in the fifth 
chapter. Morphological characteristics and DNA sequence analyses were used to identify 40 
recovered isolates. The methodology proved to be efficient in the recovery of dictyostelids from 
tropical soil, since twenty morphospecies were found, of which 12 are new records for Brazil. 
Three of the OTUs could not be identified and potentially represent species new to science. The 
results indicate a high diversity of dictyostelids and the untapped potential of the Atlantic Forest 
in the state of Pernambuco. The data  also suggest that the species richness of dictyostelids in 
Brazilian soils is higher than previously anticipated and that DNA sequence analyses are crucial 
to help identify morphologically similar but genetically distinct species, providing knowledge of 
the microbiota present in this biome and subsidies for its conservation. This chapter provides 
evidence that independent cultivation techniques using metagenomic DNA can be used together 
to gain a better understanding of the diversity of microorganisms present in tropical soils, 
providing data that can be used to justify the conservation of natural vegetation areas. 
The information contains in the last and sixth chapter describes the first records of 
protosteloid amoebae and related organisms and their microhabitat preferences along the edaphic 
gradient that exists between Campinarana and Dense Ombrophylous forest at the state of 
Roraima inserted in the Amazon region of Brazil. The study identified twenty-five taxa, all of 
which represent new records for the country. The results show that the communities present at 
the Viruá National Park are mostly composed of a small number of dominant species and a high 
number of occasional and rare species. The Amazonia domain is heterogeneous due to the 
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edaphoclimatic characteristics, which reflect the qualitative composition of the communities 
present in this region. The Ombrophylous forest showed a higher species richness and diversity 
than the Campinarana. Also, in general, aerial litter and inflorescences demonstrated greater 
species richness, when compared to ground litter, and aerial litter presented the highest diversity 
index followed by ground litter and inflorescences. The composition of the assemblages of 
protosteloid amoebae did not appear to be influenced by the collection areas but by the type of 
forest and microhabitat in which they occupy. The results obtained demonstrate the great 
diversity of species present in the Amazon and represent a relevant contribution to the 
knowledge of the microbiota of this biome. 
The data obtained as a result of the research that yielded this dissertation contributes to a 
better understanding of the microbial biodiversity in the country, the discovery of new species as 
well as unveiling the relationships between vegetation, microhabitats and the physical 
environment they inhabit. In the future, more effort is expected to be done in the fields of 
population genetics, ecology and biogeography to produce an interdisciplinary bibliography of 
these ecosystems, thus contributing to more accurate and detailed interpretations of the species 
composition in each environment, distribution patterns and their preferences. However, these 
studies must have an interdisciplinary character so that the processes that govern the dynamics 
between species, as well as their relationship with other environmental variables, are better 
understood on a local and global scale. 
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